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This Report was prepared under the direction of the follow 
ing comuittee, appointed by the Secretary of Agriculture in 
Memorandum No. 765, dated July 14, 1938s 


He. T. Herrick, Bureau of Chemistry and Soils, Chairman. 
P. Ve. Cardon, Bureau of Plant Industry. 

A. 3B. Genung, Bureau of Agrionltural Beononics. 

Re Ye Winters, Office of Experisent Stations. 


m Pu 


The following mezbers of the Bureau of Chemistry and soils 
were in charge of the Survey for the four Regional Producing Areas; 


Oe Le May, Northern Producing Area. . 
De Pe Je Lynch, Southern Pr ing Area. 
Pe Ae fells, Eastern Producing Area. 

T. Le Swenson, Western Producing Area. 
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In 1 1938 Congress directed the Secretary ‘of Aert culture to estab- 
ish four Regione) Research Laboratories ‘which ‘should. undertake, by 


| research, to develop new and extended 1 uses for surplus farm commodities. 


This Le do spe is in Section 202 of the Agriowltural Adjustment Act of 
1938. i the Agricultural iperagr tetlen Act ‘for the fiscal year end- 


‘ae June 30, 1939, ‘Gongreas also provided for “a survey ‘to determine 


the Location of said laboratories ‘and the scope of the investigations 

to be edb and te coordinate the research work now - being carried on." 
Tn compliance with ‘these Acts the Department of Agriculture has de- 

termined the najor cubadetiaeied areas of the Nation, designated the farm 


commodities that will receive initial research attention, and conducted 


the survey ‘coneerned with laboratory wepeenbiie active and hina 


research, ‘and. coordination of Pestarel work. 

Research on the surplus commodities concerned may be of many 
ecrts, “the plans for the new Regtonal Laboratories will be directed 
particularly te ‘the covering ‘out of the mandate of Congress to digs= 
cover new and enlarged uses for agricultural products by means of 
selentific studies. “This > ae is hoped, will result in new industrial 
activity of varied typede The research work is, in fact, planned 
nerely as an agency “by which such increased utilisation may be de- 
veloped as wt regularly’ ‘use the kinds of commodities now in surplus. 

fo comply with the second Uitrddtten of Congress, te-curvey 
present investigations and coordinate research work, the Department 
of Agriculture organized a special staff of experienced field, 
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investigators. The members of this staff visited every State and» 


_ interviewed representatives of about 1,300 research laboratories, © 
‘educational institutions, and agricultural organizations. There 


were thus obtained. from over 1,000 different industrial groups, 


well ¢ as fron al educational and endowed institutions interested, 


a fairly complete knowledge of present. activities wlone this line in 
the United States and many hundreds of suggestions regarding needed 
nanannals works. ai 
| | For. convenience. the material in this report is presented in 
four main parts 
Part I summarizes sone.of the general aspects of the present 

situation, the methods and objects of the Survey sii some of its — 
findings, the plans for establishment of the Regional Laboratories, 
and the proposed initial research program. ; ’ 

diets, Mcprenmmten Us Wed REL Cle ‘Malits GF Ghe Survey, % 
cluding both reports of the character and scope of most of the precert 
research activities in thé ‘country having to do wiih industria’ use 
of farm products ahd the larze mumber of suge gestions obtained regard 
ing*newand’néeded investigations, ‘These reports und suggestions 
are arranged by comiodity groups, as listed in the iatrnduetden 0 
Part IT. Not only those ‘commodities in surplus, | tat also other - 
products of — on which “investigations were recomended are 
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“part ITT presents the program for the initial work of the new 


Recional Research Laboratories, and the principles of the coordination 


of that work with existing research effort. 

” “parti is an acknowledgment to those organizations and individ~ 
vals cooperating with the Department of Acriculture in the Survey. 

“© Jn both the survey of research and the formation of programs 
the Department of Agriculture has had the assistance and Pst ee 
of’ a very larze number of those engaged in like work throughout the 
Federal and State organizations, in the universities and colleges, and 
in the research staffs of industry. The response of all groups to the 
request for suggestions and assistance has been very gratifying. The 
Secretary of Agriculture is pleased to report to the Congress that 
almost without exception the Survey investigators were met not only 
with a cooperative spirit, but also with ceneral expressions of en- 
couragement and approval for the plans of the new laboratories, 
Experienced directors of research have repeatedly expressed their 
approval of this new plan for an aggressive Nation-wide attack on 
the surplus problem by the Federal Government. The decision of Con- 
gress to establish these laboratories in order to determine new ways 
in which products of agriculture may be more extensively used in 
industry has been received with very general favor. 

Plans for construction of the buildings required for the four 


Regional Laborateories are being completed, and contracts for erection 
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will soon be let. A nucleus for the senior staff of each of the 
laboratories is to be named shortly from a list of eligible scient- 
ists now being prepared under Civil Service regulations. Detailed 
plans for coordinated experimental work will receive careful con- 
sideration and laboratory investizations will be taken up as soon 
as the buildings can be completed and the necessary apparatus in- 
stalled. Annual reports will be made to Congress as is customary 


for the research work of the Department of Agriculture. 
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On the producing end, there have been enormous strides taken 


‘in the direction of increasing the output of our farms per hour of 


labor, per acre, and per animal unit. This has gone on in all agri- 
cultural countries, but especially in the United States. ‘Improvement 
in methods of tillace, in varieties of plants, and in productivity of 
animals during the last 30 to 50 years has infinttely surpassed that 


dn any like period in history. 


One of the most potent of the factors entering into this sur~ 
plus production has been the mechanization of agriculture, This has 


been one of those developments that causes economic change faster than 


“men can adjust their enterprises to the new situation. The impressive 


fact is that the technique of agricultural production has advanced more 


in the last 50 years than it did in 50 centuries previously. The new 


mechanized agriculture has helped to step up production until markets 


of the whole world frequently have been ridden by accumlated supplies 


“of staple food and fiber products = an interesting contradiction of 


’ the forecasts of shortages made a cenéeration ago by eminent scientists. 


tn this country, crop production per agricultural worker has increased 


Nearly two and one-half times during the last 90 years, and total 


acricultural production per worker of crops and animals a parently has 


“4dnereased about threefold. This improvement has not ceased. Since 
1920 alone, agricultural production per worker has inereased probably 


$0 to 35 percent. 


- Unfortunately, the full frvit of all this remarkable forward 
sweep in agricultural productivity was realized at the very time when 
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Tn Section 208 « of ‘the e Agricultural Aajustment het approved ‘i 
February 16, 4680, Congress ‘provided a as “follows: "the Seeretary 
(or Agriculture) is “hereby authorised and directed te establish, 


equip, and naintain four regional, research laboratories, ‘one “in each 


na jor farm produeing area, ‘and at ‘wach laboratories to conduct re- 
sanrehis ‘into aad to develop new grrr, on and technical 
uses ane new | aed ‘extended markets and outlets ‘for ae Cee 


and products and by-products: thereof. “such research ise development, 
shall be devoted prinarily to those farm commodities in which ‘there 


are e regular or > seasonal curpluses, and their produetse and by-products. 


In the Appropriations Act providing funds for the current ae 
Le 


year Congress also instructed the Department ‘tho ‘conduct a survey to 
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For ‘this purpose | a sum “not to exceed $100, ¢ 000 ) was nade available. Thus 


Congress provides for | an elaborate reconnaissance on which anong other 


things a ‘sound ‘and couprehensive research progran for surplus comodi~ 
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iteelt exclusively to further research on “the products ‘of acricultur 


on | which new ane extended industrial sated 3 may develop. The further 


‘comercialization of tbe pahiduete of agriculture and the arextion ‘of 


bide 


ca 
ce 


ret 














new markets for surplus commodities of this sort is expected to result. 


This is not an entirely new activity, but it will represent the first 


large-scale attack which the Department has been able to make using 


scientific and economic research as agents for the creation of new in- 
dustrial markets. Part III of this report shows the general way in 
which the Department proposes to coordinate the new activity with pre- 
sent agricultural research. 
NEED FOR LABORATORIES 
The products of agriculture are used more for food than for 
any other single purpose. Textile uses of such commodities as cotton 


and other fiber crops are second in dollar importance to the farmer, 
Toa considerable extent, however, industrial processing of farm 


products has led to .nonfeod and nonfabric applications. fhe prin- 
ciples which have in the past enabled such successful development of 
the latter types will largely assist in the planning of new possibili- 
ties of like nature. A few exanples. will, aid in understanding these. 
Although corn is used primarily as animal feed by those farmers 
who grow it, there has been during recent years a constantly increas- 
ing use of corn as an industrial raw material, About 53 percent of 
the total crop, some 80,000,000 bushels per year, is now processed 
for the manufacture of starch, oil, and other products, with a large 
part of the starch being used industrially and not in foods. Al- 
though this quantity is a small part of the total crop, it forms 


nearly a third of the corn that is sold by farmers, and therefore 


wery largely increases the farmer's opportunity to obtain cash for 
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Such developments as these benefit both agriculture and industry, 
for thay afford new oppertunity for factory exployment as well as new 
markets for the farmers 
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In ite provisions for the Regional tehovatorine, » Congress in- 


| Savin the Sucpmeary of Agrieulture to divide the country into 
four ttma jor Fara produeing areas." one Regional Laboratory is to be 
: established in each such areas and one-fourth of the funds made available 


for the eroup as to be allocated to each such laboratory. 


In grouping the States fon hae purposes of this Act the Depart— 


| ment took into account a number of aapeetant eriteria, Of first impor~ 
“tance were the natural boundaries fixed by the habits of agriculture 
‘in growing the most important crops. But a grouping that would follow 
such crop areas “edadtly is not possible because of the overlapping of 


‘these areag and variation in. agricultural conditions in different parts 


of the country. Other important criteria considered were, therefore: 


‘Farn population, value.of farm property, cash income from crops and 


livestock, land in farms, and total land areas. The quantitative 
significance of these criteria is show in table 1 and the accompany- 
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" ASSTGMMEIT OF COMMODITIES TO REGIONS 

“RIT of the important farm comiodities produced in the United 
States are from time to time in surplus, The Department of Aericulture 
might. therefore, under the instructions of Congress, consider in the 
new Regional Laboratories almost any of these preducts of agriculture, 
To do so, however, would so scatter the effort as to make early and 
useful results Improbable, The Department has planned, therefore, 
that it should take up initially in each of the four laboratories —_ 
& limited mumber of commodities, : see 


: erry which seen most urgently in need of attention either 


‘because of the magnitude of the surpluses or because of the large 


Secale of agricultural workers or 2 ericultural acres involved will be 
studied First. ‘The commodities that are to have fir st attention by 


research have rank designated 6 as ‘follows: 


Southern Area Eastern Area 
Cotton | Tobacco — 
Sweet potatoes... Apples... Ae 
Peanuts | trish potatoes 
bse - .... Milk preducts 
Vesetables 
“Northern Area ===—~S*«&WWees tern 
——_— Fruits (other than apples) 
Wheat... ~~». and vegetables } 
~ Agricultural waste Irish potatoes 
_ products Wheat 
Alfalfa 


The fact that any particular Gommodity dose not appear on this | 
List is no indication ‘that the Cepartaent does ‘not believe it ‘import- 


ant or dees ‘not ialiove that research on it would be profitable. 
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staff experienced in scientific im 
ing all the prosent ectivities of the Nepartment, of the cxnertnent 

ations and other Stete agenetes, and of seh industries and inebitu= 
tious as are engaged On compereble or related work. 

‘Records were obtained by this cocnittee from all the Bureaua 
of the Department of Agrtdolture end from suc! other Federal avencies 
ae are engaced on related types of work. eports were made to the 
Department by every State cxpertnant stations and personal vintte 
More thar 10,000 present reseereh projects of Federal ond State — 
agencies were thus reviewsds, — 
°° fhe technical staff of the Survey Couittes conferred else with 








State, Universal and euriial cooperation was encountered, As a result 
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the Departaent of 4 hae been cece acquainted with a very 
ae eee eer meaner 
tae nents suaplces.e. Although confidential i nlerastien was not 
egaght, it is believed thet the Survey staf: bes becn able to gather 
orlel thet gives & very comprehensive and complete picture of the 
rel cheracter ef cowercial work ace in pregrese thet 4a intended 















an mew industrial astivity for the utilisation of agricultural 


eomodities. The general nature of these prejecte wii. be sumarized 
teriefiy in this section ef the report. 4 classified and oritical. com 
prehensive sumery is presented in Part II. 

She loetwortd one SARCARGH BUGGRSTIONS. BOUGHT “2c aceon 
program for the pew Regional Laboratories then ihe facts about present 
aebivithdtencn tha karsout pers of sli of the roowarch now belag dane 
cantee raore, the survey of present research wae extended to - 
 dnelude work being done on ail classes of agricultural commodities. 
This wis desireble in order that esek new project for the Regional 
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adaptable to the research plane for the surplus commodities. 
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sed Raters, some of which are 







m Sato nt oD any sean to agentes, the. 
wien ‘ili Ak debe iid, thins ome aula, ob on ov. 
Seek nianeddinss dein nine ion Seditinndans Sarind Milde: sidphton- 
ship either to present agricultural research or even to the projects 

waite eet. ae, SURVEY, BBSULES 
| Tam strana of Gngrss wit renpect to te etabisioart 
tonal I Lor 6 make it clear thet new and enlarged uses 

Cure, sonia iat Ni thls cetcioniaah ins of ah works 
ray bas disclosed som present activity and many interesting 
Aion OE Vehe setts These are of widely 
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eduinieteation of Departaant work te which it relates in ayencies | 
Some hundreds of projeste reported during the Survey relate 

whieh are most advantageous for developaent. another grest group of | 
guch investigetions deals with cultural wetiods, fertilisation, end 
other subjects rithin the broad Lield of sgronamys To a limited 
extent, ali of these agriculturel projects have a bearing on indus 
trialization of the.camodities produced, for very frequently it is 
nacsenniy,£6.e0laeh owrtein warsaties.or to fellow eertataoultum) 
methods in.ceder:to cob s.eumodity that is well sulted to industrial 
osings In the several commodity sections of fart Tl of this 
sini sia team Sank iin at Wai sheet is pertinent 
to the present. Surveys. cg 

A third. great aoup of agricultural research activities now in 
progress deals with the primary preparation of agriculture] materials 
for warket. Tn such cases ag Mruite and vegetables, for emple, the 
goods must be washed or cleaned or chenically processed in order to 
of thle character disclosed ty shh ormee Si is: @ number of cases, 
directly related to the probleus which say be undertsken by the new 
summastised and the signifiesnce in the planning of the Regional Labcrse 
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vl fhe Department contemplates a continuance of its detailed - 
study of this information during the coming year, while the new 
Laboratory buildings are being erected. In fact, the first task 
of the new research staffs as they are selected will be an analysis 
of the many details disclosed by this Survey. Thus every pertinent — 
comment on any particular commodity will be taken into account be- 
fore actual experimental work begins. 

oo (here will also be urgent need for extensive survey of the 
seientifie and engineering literature in order that every item of | 
present published knowledge may be taken into account as fully as 
possible. By this procedure the initial exparimental and field 
studies may be advanced as rapidly as possible when the buildings — 
and laboratory facilities are ready for use. 





Congress has determined that there shall be four Regional 
Laboratories, each dealing with surplus commodities of its region. 
It is evident, however, that a national outlook should be maintained 
ate a2 tines,” even with respect to regional problems. The results: 
in each laboratory will, of course, be mad@ available to all parts 
of the country; and they will be applied as promptly as possible in 
whatever region and to whatever crop they may be found adapted. 

There will be co! 





siderable variety:in the investizations under 
taken at the Regional Laboratories. In some cases it will be necessary 


first to make exploratory studies before detailed research can begin, 
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- 20 
especially in fields never before studied either by the Department of 
Agriculture or by other research institutions of the country, Be- 
cause of the very far-reaching nature of the problems, many radical 
and novel investigations will be required. Not all of these can suc- 
ceed. But it is believed that all will contribute te an understanding 


of what American industry can do in order profitably to use agricultural 


_ In many cases exploratory work has already been done on certain 
commodities, certain possible products, or certain new processes which 


IY 


OT 


look worthy of further investigation. In these cases, serious scienti ‘ic 


research of an intensive and fundamental nature will be required. This 


can be undertaken at once, Not infrequently, work of the most abstruse 


and difficult scientific sort seems necessary. Here again, new sums 
of human knowledge will be forthcoming even when the immediate and 
hoped-for practical result may not always be reached at onee. 

Many of the investigations required are known to be of a sort 
that will take a number of years, perhaps very long periods, for com 
plete solution. Such projects will be undertaken as a part oe 
Regional Laboratories program because they sive, in the long range, 
great promise. It is recognised that in many cases only the Govern~ 
ment might be looked to to finance and carry through studies of this 
sorte — 

When fundamental work has been done, there still remain labora- 
tory research projects of an industrial or applied nature before 
engineering can begin. Some research of this kind can be initiated 
soon on the basis of published present knowledce,. Other Like projects 




















Peron phyaes. he ee 
“wah 


hey Be far. S8 ae wae 


wesc Dae ge ie pi 8S 


ommpetent Le pers 
ment toward pr 











why és Octane Ped 
Deh Cie 3 ae 





genera), bh E 


a waders tandin 


© tok 





Br Pal ONPG ee 


ae 
Mpa Pie 





= 


~ 22 - 57 


Departuent, will reserve the right of control of such develonments 
only 99 far as. it ip necessary to. insure the grestest, prowptness. of 
comuercialization and a fair development, by all. proper interests... 
competent. to serve, the form. producers of raw peberials. and. the 

generat. public. eo. will, be consumers of the products made. — 

; Part iT, of this report presents a. program, of research dealing 
with the. commodities: or. subjects that. will be. considered initially by _ 
the pew Fegtoned, laboratories and. spoperating * genpies,,..tbe presen 
Lakdon is necessarily in rather general terms. It is hoped, however, 
that it will give sn understanding of certain major, problems. as. the 
Department, views, then and. of plane proposed fora. useful national at, 
teck uron. theme The principles which may guide the coordination of. 
the work of the, Department. of Agriculture and other research agencies 
are Sonaa dered. An the Introduction to Part Tike 0 ee te 

. The selection anc organizat_on of the gciontific staff.is only 
now under ways and the detailed anlysis of Survey results and of 
scientific literature, above referred toy reuains tobe made... Comper. 
ton. of. these e tens. may make necessary. certain nodiftestions.in. the. 
program as outlined in Part IIT, .The program as given ig, however, a. 
dependable. outline of the type of work needed and the, manner of ap. 
prgech, the. Repartnent wil) folion. dp. khe. work which it. can undertakes... 
Tt. is, presented, to Congress at, this tine with. only the necessary re- 
servation tbhatAt mgt be.rpgarded ae preliminary. end subject. tg... oonpot, | 
mogitieation. 1p mawy dete ls....cce, in moat oases, ib is expected the | 
_ This reservation. is even more. true with peamest to the labora- 


uy program of the more distant future, for it is quite possible that 
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_ events may, prompt A, gradual. broaden 
surplus problem is nob statics it will uncoubtedly take on many new 


i 





of: this, works. The agricultural 


forms as years go by. The initial work laic out for these laboratories, 
therefore, is not regarded as setting ayy outer limits to the future 


prograie The expectation is that additional products wili be studied 


and broader questions dealt with as time goes one in otuer words, 
Part III of this report is submitted essentially as a groundwork pro- 
gram upon which it will be possible to,build in the future. 


die . RELATION TO PRESENT RoSBARGH 
_ The ipenerinnn’ed, prosran. for the new Regional Laboratories will 


represent an enlarged effort on problems on which a limited amount of 
work has been under way in the Department. Of the 10,000 projects of 
Federal or State agencies reviewed in the cowrse of the Survey, ap- 


proximately S00 are somewhat related to the quality of raw materials 


or to their use in industry. Of these about 150 have been found to 


mpiate chonely to questigns of new industrial uses of agricultural — 


materials. Bye of these represent: exploratory and others fundamental 


scientific work ehieh “il furnish an adequate basis for new indus~ 


trial or engineering arencepmnn’ DrOgrants Careful exacinatln is be- 
ing given to research wee which has developed be; yond the test-tube 


atage with the purpose of determining ate value for inelusion in paiat— 


plan’ application. there such advanced engineering and ge og 
work is needed, cooperation will be developed with the existing research 


agency a accomplish this purpose. In nost cases, at is expected the 
wore of the “laboratories ill relate to entirely new subjects. 
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The Department is making a careful analysis of the interrela-~ 
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tionship between all new resear¢éh and that already under way, Arrange- 
ment is being made to avoid duplication and to make each part of old 
and new research mutually helpful to all of the interested agencies. 

A further discussion of the principles of this coordination of effort 
will be found in the Introduction to Part III of this Report. 

As in the case of experimental work done under the Bankhead 
Jones Act, all new projects of the Regional Laboratories will be 
organized to permit the fullest cooperation within the Départment and 
with State and university activities, For example, the recent experi- 
ence of the Bureau of Chemistry and Soils in establishing a Regional 
Soybean , Laboratory at Urbana, Tll., involving industrial cooperation 
problems, is proving very valuable ait puiding these larger industrial 
research projects, In the soybean program arrangements were made for 
coordination within the Department with all 12 States of the region 
in which related work was being done, and active and regular coopera~ 
tion with the State agencies has resulted. Frequent diets are 
held at which a number of specialists confer, both for the benefit of 
the Department staff and for —s of information between other 
interested groups. 

"A like plan for coordination of the Regional Laboratory pro-ram 
is under consideration. In some cases it is expected that research 
being done by other laboratories may be taken into account in such a 
wey that. the complete program of study will renaey consist of the joint 
efforts of several active institutions. Collaborators will be naned 
and advisory comni ttee will serve ‘actively. Thus the influence and 


cenarenhivns seslatenoe of the Regional laboratories may sokiuve 


maximum results for the benefit of all, 


nbiaqne tase eds yale 


z Esaobyet o gatiteke | 











30 


vou require an indepexient progras for amny of the agrie 
ee nee eee ees complete effort. 
‘the presantwark of the Dopartuent and of State aeripent stations is 
often adeqhate with reapct to genetics, agronuzy, aninal husbandry, 
nites of chontieal investigation’ and engineoring developaents The De= 
partaent's facilities for courdiriation to this end sean adequate, and 
they wihdibe utilised to the full, uot only in formating the initial 
— but apRARC RRR AA=pi as 
ee ee 0 RBLATOON To TWMOSTRY — 

ooo The witiieate objective ofthe work of the Rogienal Laborstories 
must be the incrensod imiustrial use of the products of arriculture, 
mt wich industrial develogaont is justified, every facility of the 
laboratories will be afforiad ts industeiel groups interested, so that 
they say jut into practice the experimental findings at the carliest 
practicable datas STG unieMtare - 

.fbe fact thet indvatrial research laboratories have been very 
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thus be mech more sponge, gh for the farmers than deve lopment of 
new food products, which more often heroes not are merely substituted 
for present palallieoss: 
The development of nee Sopa at these myrtle opeloupe <6 

will probably be a subordinate part of the ‘entire program because 
of the limited miveni age which can come to agriculture from mere 
change from one foodstus? | to another, Interfood competition it SO 
keen olvents that the new Saheowhanlen should not embark on that type | 
of research, | rich would result largely in further food competition, | 

ae To a somewhat Aneaer degree the sinilar problens of gone ste 
betvess feeding stuffs will Limit the work of ' the new Leboretories. 
At the present time the largest proportion of many of the major ‘areal 
crops reaches ne market only in bbe fom of aninals or animal products. 
it is not necessary, therefore + toe these Bog. anes Laboratories te con= 
sider industrialization of. these goods in the form of new feeds, o> 
pecially when the new product would merely displace one already serv—_ 
ing satisfactorily. But this limitation does not extend to studies — 
which may translate present iudasteia’ wastes or by-products into 
satisfactory feeds. This latter type of activity will be constructive 


and may result in important economic advances for agriculture as a 


whole. 


In a few cases it appears that rescarch may make new products _ 
available from agricultural materials that can replace comnodities 
now developed from other sources, Tor exauple » certain plastic 
materials are now being made that can be used in Place of netals. 
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a ee may demonstrate Ateent: ‘moi conapien naushy by idle acres or 


idle farmers, ‘ “and only Ay a “onal degree by actual excess of " goods in 


x ia 


eranary ‘or Warchouse. “To neet such surplus problens eftectively the» 
farmer mst ‘be’ ariaed with 3 new types of eons: to be ero, in order 
that he ahd ite acres need not : remain idle. Rane os 

“Ro a yours PBs it vould be coun 2 for he new Reg Spee | 
Laboratories to undertake ‘that type" oF work, ‘and numerous useful re= 
commendations ‘for specific projects. of this nature have | been received. 


However , s “the” present law es stablahing ‘the laboratories doce not permit, : 


ob: i 


that any substantial part of the work of these new y institutions should 


athe oe 


be 80 ‘airected. “therefore ’ ‘the initial progran for research does not 7 
enbody : any “of the dportant suggestions regarding industrsalisation : 


of possible 1 new or substitute crops. | 


‘One or * two examples mill illustrate ‘the type of research high 
“ee be undertaven, one of the outstanding problems waich aftect Picco | 


inportant crops ‘of the United states is the faukty, distribution of the 


He ts an 


types of oil seeds or ah crops: now avai lable. This country produpes. . 
large quantities ca cottonseed 0 oil. But 1 we ‘produce far pose Bag! Aim . 


2G eur Se 


use “Or as, ot ther og eee of oily notably pale oils and, soap oils. = 
<tr gpnmmerndllag-woregee erate a EER 
to tie Department wade iis with these two kinds of materials. Some 

of this work can "be. dene under the present: sestnar the of, the Department. . 
For example, it is ‘proposed tc to Anvestigate ways in aii cottonseed aes 
and other surplus seed oils might be modified by me oy ro txeatment 50 


that they would be available and | satdatactory for wider indus trial Loe 
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3. The ease of access to related processing industries, 
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3. A gas line capable of supplying at least 3,000 cubic 
feet per hour. | 
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4. An electric power line capable of supplying el Sans 
For the adainigtretion of thia work, a new umit has be 
1,900 kilowatts. 
eatablighned in. the Burean of Ghamieier OLAS, Bee an 
_ Analysis of all the information available, » including » much that 
gieteat chief? ef. that..ceresm, wee will devote his entis: 


was submitted by abe organizations in th he form of comprehensive 
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tnese daboratorier and the acminietration of tne sxpemimenst a 
briefs : resulted in a “List of cities al each vegion whicn could be 
Ls ? % ee ‘Sage 47 eye “Fr 5 a’ a te ; | ea Ae a $ “OC 
approved from pod ecologic viewpoint. “Adninistrative review 
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within the Departinent ’ taking ‘into consideration broad mabtepe of 


% apecialiist, « 
Department po ‘ey, ‘then ny ay defini te ; decision ee pikced "tne 


dontern igbatatory iy ie Phioadeiphia a: area, edhe” ‘Nor thera heater ry 
in Peoria ; Atos, , the’ Southern ‘Laboratory in few w Orleans, “Toutsiana 
ata’ the fonda _—- inthe Sah’ Franciste® way ate. staft af 

etientific, pr atts: On ‘Takprare work 


prob] egs bx 
- “the survey OF present’ research and the study of suitable labora- 





tory Lock tiahe has’ Fee @quired Bubstantiavdy all of the time availApic 
{isndént’ ef the Refichkl Laboretories 
t dune. Nevertheless » Satisfactory progress 
been made ih the preparation of plans for the new beillainee which 
will be required and in the Selection and avgeivituént of vertain key 
mesbers of the research staf’ fer dach of the four laboratories. © It 

is anticipated that detual’ const 
undertaken in the nea? future. “ne Installation of seiemtific appara- 


yoo of the major pre dect. leaders 
since neeae authorised the | 
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and ordered the Survey” 
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. For the administration of this work, a new unit has been 
established in the Bureau of Chemistry and Soils, under an as- 
sistant ehief of that.Bureau, who will devote his entire tine to 


these laboratories and the administration of the experimental work. 


Each laboratory will be headed by a director, who will be assisted 
by a group of major project leaders. Each project leader will be 
a specialist, capable of directing in detail the varied types of 
research required within his division of the field. Studies indi- 
cate that from five to ten such major project leaders will be lo- 
cated at each laboratory. Under each will be a suitable staff of 
scientific, engineering, and other specialists, familiar with the 
problems to be investigated. | 

It is expected that within the next three or four months 
many of the major project leaders can be engaged in order to begin 
promptly the further detailed planning of each researen program, 
The preliminary investigation of present knowledge as disclosed in 
periodiéal literature and additional conferences with workers of 
the Government and industrial concerns will enable each leader to 
mature the preliminary programs here reported. 

Most of this work can and should be done in advance of the 
completion of the laboratory buildings, some of it even in advance 
of the selection of junior members of the technical staff. The 


studies of the next six months should determine in many cases what 
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sort of research is now possible, what methods will be used, and 
consequently what type of scientists will be engaged and what 
sort of laboratory facilities should be installed. 
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rere research the Departaent. undertakes merely to hokd up 
oO fe gather this information the Departeent:orgmized a special 
staff of its own expe ‘perwonnél who visited each one of the... 
principal Inberateitae were infornation on these subjects was ob~ 
tainables - Approximately 1,300 institutions were visited, including 

abort — Industrial researc! laboratories. - 
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ws lOgional. Laboratories is outlined imPart Ill. 9 © 
ly sintlar projects. when carefully investicated involve either dis ~ 
similar methods or different objectives, Por this reason itowas not 
practical to susmarise all.of the infornation gathéred with eng indi- 
cation of ¢ the squrge ef the information. | Howeves, a List of instt- 
tublons ara orgenlaabions eangulted during the Survey 4 inoladed as~ 
Sart Wi of, the. Reporte tnttion, and geoont Toagboo! 
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not to agricultural commodities themselves, but rather to some im 
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Apples 
fl 
Stone fruits 
Peaches and apricots 
Plums aad prunes 
Small fruits 
Melons 
Yecotables 


Root crops 
White potaboes | 
ee | 
Other tuber crops ; 

outs ore | 
Sugar beets | 
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Other sugars 
Tobacco 
Forage crops | 

Alfalfa 
Other hay ani forage plants | 

Glovers and timothy 
Soybeans for hay and forage 
Velvetbeans 
Forest. products 
Naval. stores (turpentine and rosin) 
Vegetable tanning mterials | 
Specialty crops | | 
prug and other special plants _ 
a | 











spa ee 








ea 


Wierik Fien 






ARE: SN 
pte sa 































Ce) 


Wee 





6 
ai OES 
? BY 

















v 





Maat and meat products 
Animal fibers for spinning 
Wides and sking 
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Li» Ske Tmerh. oe, waver? pat pygented peseergh deslicg 
ih one. ereps. (28 ermmarines under Gorn, Wheat, Barley, and ar 


Qata,,vhile nthe section liner Grains is grouped research pertain 


ing to buckwheat, millet, ries, rye, and sorginme 

_ These. erops may be considered as being essentially starch Grope, 
although they also yhela substantial Mantities of protein and ofl as 
well as. ‘tremendous | vonnages of fibrous naterials such as otren, stalks, 
hulle, and cobs. For {hig reason all current and_suggested researoh 
elated to starch hae deen aggenbled in this section. Decause corn is 
the, most. Amportant: donestic raw saterial for the produetion of starch, 








this research, has veen treated in the section Com, ‘Fusls derived fron 


nant, work on fermentation, are also dts 





inn under upg — of : their close relationship to starch and 
corn utilisation. | _Bigeusgion of research on agricultural wastes 
412, bp, found, 4n @, soperste, apgtion bearing thet title, : 
Because of the similarity in chemical ‘eouposition a and the | 
any  Sehmalaned. problems connected with their wedldaaton, it me : 
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market and ia grow in fairly large acres 
cussed under the heading, "Vegetables," The, following considerations 
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of corn asa commodity are limited to field corn, whieh constitutes 
one..of the jor agricultural crops in the United states. — | 
ve \ World predustion of corn has remained practically constant at 
‘our billion bushels since 1900« Of this, the Yulted States produced 
about C8.percent prior tothe World var, and about 60 pereent in recent 
yoarss: The Gorn Belt, so called, is the eeater of production, _and_ con 
sists of @ broad belt. from Nebraska eastward to ¢ POPS, She, However, 
oora.is also the.nosh inportent, grain throughout the South, equaling 
gotten screage, in several.Cobton Belt Statese, For many years the, 
United. States has grow about 100 million acres of SFR, gach oes, i 
the. last few years, however, this acreage has dropped to about gh x mil 
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_danuary and February + are ‘the months oF oak rooeipts at priory 
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| lowed ee order of importance By ste Louis, onaba, and Kansas chtye 


“although the na jor portion (about 90 poreext) of the | corn arep: 
‘te utilized for animal teedine on the farns “here it is rom, Chat | 
“portion of the erop whieh i been sold has brought farners a cash 
“ineone of about 250 million dollars for each see the past ws yeurse 


“corn prices, however, edit seneitively te “supply. there is also & 


‘ ‘very ‘lose relationship between price of hogs and price of corn, nas 
‘ much as an | Amportant proportion of the crop is conpleyed aS feed for 
: “hogs “Cora prices reached a high point during the ver, fell precipite 


: “ately th 1920 and 1921, recovered somewhat in the next two or three 


“years, bat have been relatively low nost of the tine since 192s Hot 


? ‘withstanding ‘that acreare has been reduced in the last nee or Pour 


yeare, low corn n prices have been very éteturbing to the economy ef Corn 


Belt agriculture. The corn “situation in the fall of 1938 illustrates 


“fairly well | the s development at tines of a ‘rather serious surplus eréb- 


‘lems nith corn 1 supplies above averare and Livestock nunbers below ave 


: ‘erace, ‘corn n prices declined considerably during 1938, aa averare » price 
“shi 5 Yellow dern at Chieage Por October boing Le? cents a “bushel, 


or the oweat monthly average singe Vovenber, 19536 the averare ‘for- 


Yovenbor 1958, however, was sonewhat “higher, being 1600 sents 
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“the average @Lepoeal of the corn crop ‘te as follows Feeding 
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hhoea, 97 percents feeding Nate. and sheers hd pereenty fooding 
‘horses and ‘miles, » 1567 peveeut veh ‘farm uses, 1208 piesenty and 
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about dh porgens of jhe tote) crops. Bypertation of sora from the United 
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bay He cr Bae Vlbaetry. Msae & Piyeige.. seraratign «f: the ary 


in the year begi Getobsr 1, 1921, when 168,000,000 bushels were 
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——_sIm discuss the processing of corn, there is some question 
OP: ih wed ait th8 are Siee many nas ood Gees, 30h RS arti fieial gnow 
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_ derivatives. because starch makes up approximately GO percent of typical 


. Ang.of-eorn is to separate the ende 





perm, or starch-contaizine, portion, 





_ fr om the hull or bran, and the germ, which. is the oilebear ring. portion 
of the kernele Soth endosperm and cerm coutaia.proteime 2.0... 


oo» ‘The dry willing industry makes a physical, separation ef the dry 
ané the germe .fhe endosperm, 
portion of the kernel,.is further milled to yield hominy 








and grits, corn meals, 9f various types, .cors. flours, processed. flours, 
red cereal foods; and the largest.part. of 
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from milling is seid a6. aheck Peads Most of these products arg used 





dit focds but there are alse seal baal uses, such a8 artificial snow 


Wa Lee 


and fillers or ‘abhing productée 


In the wot mitting ‘industry the corn, 1 is. ‘stooped, ‘then separated 
ten, iad and brane As 18 ‘the ary nfl Line industry, 
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the germ is pres sedi £ xr dora oil and the press cake, rn with all 





other by-products, is returned to the feed market. fhe starch, which 


“ag tHE primary product, is further processed to yield modified starches, 


dextrins, gums, eg and crude aad purified dextrose or scorn surate 
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puddings, caramel coloring, ice-cream powders, jams, jellies, baked 


odds, and confectionery, and in the brewing industry. They also 


fina ah outiet in’ such nonfood produets as leundry sterch, paper 


and textile sizes, Ber dati vis adhbelves, and colors. Purther, they 
are employed in che thine 5? Yeather, tn rayon menufacture, and in 
thé produetion 6f mannitol, sorbitol, end other fermentation products. 
the starch i8 separated from the gluten by iatnlic ana’ pedinentetién. 
FRO WARK WatSee APE SGndentrated Go Fecover the gluten: which ts” 
utilized as a high-protein component of feeds. 

Thus far wet milling methods have developed more industrially 
useful materials than the dry willing methods.” Wet process grindings 
of corn for the production of starch and allied products Kave"ranged 
during the past 10 years from a low of 55 million bushels in the season 
193-35 to a high of 88 million bushels in the season 1927-28, A 
typical picture of the output of industrial derivatives by the wet 
process ‘industries is given for the year 1937. The sales of products 


in that year nal 


, (orn starch oe stavoheet3L million pounds. 
“Corn sugar = CS ee me 
Corn sirup . ine oth. xh : 
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Any significant, expansion of the industrial utilization of - 
corn must depend basically on the development of new or wore extended 
WOEESE “RFORP REIS Baas aaa AP OR ay ae 
place under one or more of four types of processing industries, namely, 
dry milling, wet uilling, fermentation for industrial chemical pro- 
duets, and fermentation for the production of motor fuel. Of these, . 
wet milling methods offer the pon promise for future expansions _ 
froparation of chemicals from corn by specialized types of fermente~ 
tion appears less promising than fermentation for motor fuel, primar- 
127 beonuse of Spe mani tude of. the. poventinl MaKe, £05,9h0gheh AF 
e notor fuel if its use becomes economically feasible. in research. 
on corn products, the competitive relation of corn to other agricul- 
tural rew materials must be considered, es well as the competition of 
these agrievi tural prodvote with thoup sequred by. the.pethods of .aune 
thatis Lidpsesiinlanmite rew materials which do not come from 
“Sere. ent be ws | 3 , ee : 

ia. The competitive position of corn will illustrate the complexity 
of “the ee erry ae problems which must be faced in determin- 
ing any research program. While the starches isolated from different 
plants (corn starch, potato starch, wheat starch, rice starch, tapioca, 
ete.) differ in physical properties, they are fundamentally of the 
rane chemical qousyi tutions | With winor exceptions, it is possible to 
nodity each starch to such an extent, that it acquires. the physical 
properties desired for a particular usee Price alone determines the 
market outlets for the different starches except for a limited number 


of special uses. The adhesive on postage stamps is an exception of 
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this type, tapioca and sweetpotato starches having advantages over all 
others. For use in certain rubber brits, eorn starch has the ad- 
vantage. Potato starch is used in Germany in the same products for 
which corn starch is used in this country, entirely because of agri- 
oultural price relationship. 

The United states now imports considerable quantities of tapioca 
and sago, which, in the form of starch, can be and are substituted 
for starch made from corn, It is desirable that research be conducted 
in order to determine whether, by reducing costs of production or by 
improving quality, e larger part of our requirements for starch and 
allied products might be supplied by products made from domestic corn. 

- Fo adequate method of evaluating the possible increase in 
markets for starch and its derivatives is available. The statement 
is frequently made by technical men in the industry that the present 
markets for wet-milled products of corn could be doubled in five 
years. This increase would be primarily an expansion of present 
whrkets and doas hot depend upon the replacement of other domestic 


agricultural crops or the discovery of new uses. 


(PRESENT RESEARCH 





Present research on corn is quite varied in character and in 
objectives. The Survey has revealed that the réesesrch of chb*p¥omuge 
sing vepanien is devoted primarily to improving yield and quality, 
and to diversification of produets derived from corn, with the objective 


of reducing costs and increasing sales outlets. Research in the State 
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{oulture 1s ireoted eiierly town 
ene of production and feeding of corn, although some investigas 
tone Heating with Various Wapéeted or Weirtikelay Ube 1 W tinder way. 
balls “Pew individual laboratories séme work if in progress on the 
and fat conetitutente oF the kernel, ** S*Pire eore pieny ent the 

Srmation collected “in the Survey has beén élassiMed under 
Sti PoP VORI Vidal deat Wes tddt Rad awed Pally try ‘HT Ting Prodedy 
“Wet iiTitne Procese; Ainddnetital Research of Stardi and Surarsy Pers” 
““wentationy Sacchartficationy voter fuels; and bets and Wastes. 
A ereolearal research: 


cal ‘and’ physical ee of the: ‘Starch, protein, 




















studies on corn are directed toward the isolation 
of inbied ‘Lines and resynthesis of hybrids characterized by disease 
“arid ineect resistance, adfistment ‘te environmental eonditiong, stirr- 
“ness 6f stalk, laree Foot systems, and other factors contributing ‘to 
““ylela and quality of’erop. Application of this type of research to 
alities for particular processing purposes 
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synthesis of hibride with qu 
“has been linitea mbatly te tweet corn ahd pepoorn, to white cora for 

— pineal or to abnormal protein ’ind fat evel in field éorns 

ee" By Agronomic etiidies on corn are in progress at most of the 





ral sxperiment stations. These studies have for their purpose 

the Avge mination of the effect of type of soll, elimattie factors, cule 
tural wethods, and other ins pst insect Lara oe 
quality of Grobe” the iiove reneuh oF aaa] te anid | weit,’ Sesh eee’ 
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the sonstituent viteming, pignentsy.earbohydratesy proteins, favty 
oils, odoriferous principlesy aud exkymes efvoern ase réavlt of © °°. 
cosy hwo Besearchvon harvestingy drying, :and storing of eorn ie 
quality of the: product: snd-te desrsase ” 








presecused to. pres 
lessee from storage diécasésy inscots, and other psetey © Oo 

coll atBal Bxtonshve:fecding studiesvof thée°entire orn plant and the 
whole grein aré being conducted, sinas corn is the baste constituent 
of mosteconceatrated feeding rations in tho eentral Statess Use of the 
essential amino acids) ni fractions of the kernel pro@uged as by-produsts 
of the various jrocesasing industries is alec ‘beine studied from the nu- 
tykbhouelistendpeinte ing an active rosteceh program 8 peo lary) ae ame 





me UNielédpg quality und diversification of products of the dry 

nilling industry are sontinucisly under investigation, but this iss 
done mostly hy the ‘eperating personuel of ‘the plat rather than by @ 
spiaiukuredeareh wii Patl: well foto the las’ Geet oer, ween ey, 

oro hfe o Mann fagtaure of nonfded products such as artificial snow, 
foundryefloure er nerd bindersy sold water pestos, fillers, ant sizing | 
atanhe: ig the Yedulb of Joint exserimental efforts of pxcaweers and- 
conmtind ha Sf Athens > mitudatey! FOC, COR Erie Ah, aoa ee ee 
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is ie ‘garried out by the operating persomels 

iaalltahy | “syetttty prod 
sfilly wedified and adapted to meet the 

neede of specific toneumerés The complex dynamic equilibrium with — 


ctse A large suntber of modified starches, 





a inowhieh the physical properties of 








water, the complicated moleeular structures, and in many cases the 
colloidal state 6f the products, have militated afainst the estabe 


lishment of adequate #eientific explanations of the various chances — 





inwolveds As a result, each industry has developed and is continuous- 
ly oxperimentine with a series of complicated arbitrary control methods 
which, &8 a rulé, hive little sicnificanee outside ite’ own laboratory. 
Rach producer maintains an active research progran on production and 
—e problems s- staroh the preserties sesaliar % 

"90. Saccharine ‘produetes Mach research on the vroduetion, 
Line dextrose ie" being” verformed. Wanufacture of erude plucose and - 


rvation of rude glucose, glucose sirups, and erystel- 





Glucose’ Whi dates batk well into the last century, whereas the 
talline dextrose, which is one of the: eheapest.of — 





pure orfanie compounds wade on e large scale, is a recent development. 
There is « great deal of research on the use of these substances in. 
Such food produsts as baked roods, foe cream mixes, canned fruits and 
veretabdles, jams, jellies; beverares; caramel colors, sauces, con» _ 

meats, vinegar, etes Nonfood outlets have been 





developed in tanning, rayon) tobacco, and pharmaceutieal industries. 


‘Research: on nantitely sorbitel, elueonic aeid, alkylated and acylated 
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dified starches, chuoase, fructose, ‘sucrose, , xylote, 


"US GAS Tk ts 


Taantetee mltond, ‘etGe, ‘wWilch are supers or ‘suger derivatives, are 
treated: dn this section. Glucose, a ‘pelatively ‘simple oreunke compound, 
Pe a aeeds Fercckurad unit scouring in the plant worlds Preoe 
eheak hy atweys tt is found in a combined, condensed form as starch, 
estlulose, or sucrose i ne or beet t sucar)e ‘A cadenaler of ‘ation ‘is 
pw ‘to ‘Sonatet. of ‘several. score or more ihtts ‘of ‘gluecse, ‘and 
to ane a  giebalhe shaves “the arrangenent ‘of Cheat unite ana Whe miiex 
oo Gaiar form confer o on oe ‘the Sramerkios ‘peculiar Pi it. "Wald, "cyaded 
hydrolysis or ‘Situs heat Tieatelbute of atkroh ‘yhela. ‘the modified 
etaribes re dextrine aw by have Soadtdioke ‘properties od possess 
Foughly. @ score or more “of Fee unites By ane lebe acid treat 
mont ‘starch oan be converted eocnonteally, ‘and minost’ quantitatively to 
giucodes “thie reaction forms the basie of the modern “orystalline” dexe 
‘trose®” industry, waleh hes pesuited ‘in ‘venenidon’ expansion ‘in the : 
‘amount of stare exployed ‘induntrinliys The analogous process f cone 
‘verting Gelluiese, Gin wood). to glucose ‘shrup hae agsimed considerable 
importance in Germany's. ‘Wersats™ | po Rn ta this wood suger ‘Being a 
either as a  aapeekein cattle food or to produce a protein cattle food 
in the fepuer gent My cultured | yg oes ‘wogare facrose is widely” ag 
distrivated te nature, cocurring ‘in ‘relatively. large percentage in- 
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sucareane, euger gm Oy and some faites Te ‘is a coubination produst 
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¢ containing one. o molecule « of > glucose and one molecules of fructose s 


By suitable catalytic treatment sucrose can be hydrolyzed to, its cone 


| seituentes whieh in ‘the mixed form are known a8 anivert sugare One other 


large. source of fructose is. honey, ass whieh it occurs in the free forme 


of the, gthar Ssippie sugars, xylose Ap the, most abundant, being present 


in sntdued form as hemicellulese which oceurs in all plants to the ex- 


bent of about 25 percents _ 





Fundanental research on starch ot limited and is being. done 


nostly in university and government laboratories. octmees 72 opcryy 


ya a* of pigh | ore ee pregress has been slow due to the complivtestry 


of the _problen and the widely aopayated logations of the groups en- 


caged in this work, with eewel ting. iagk of coordination of effort. 


: | Fundamental research on anarene, seetent fructose, xylose, 


and other Ree ie treated in Shag section bosguse: of the Similarity 
3 of the phy sical and chemical mothods for Sealing Bas ae Shome in this 
country few ‘men are » devoting parser oftorts to research or teaching in 


| the ‘fundamental chent stry of tee various eciteebepbitiiiny: To encourage 


devel opuont - Mage: fields she yonearth activities at several insti+ 


ane are subsidized by, the corn  ahpgpeing golem industry. 


‘Present Pundanontad research on starch and — may be classe 


spted « ae fellows | 


ae Genetic and onvironnontal factors in relation te differences 


23% 


Mi ‘oe ahi cai dite of pomenre eredennd by Shoviite cignaneenteg 


fluorescent, and X-ray studies on the structure of starch cranules 


and retrorraded starches. 
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orfanie chemical reactions, such as oxidation, hydrogenation, de« 
hydration, alkaline degradation, acylation, methylation, end mercaptal 
‘and earbonyl condensation, to extend ne: information available on. 
‘gstruesures and reactions in the sugar series. 

". Fe Metabolic investivzation of biologically catalyzed reac- 
‘48ond’ of the sucarey” synthesis of sugar phosphates and enzymic deg~ 
padation predicts to serve as a foundation for the biochemistry of: 


the, carbohydrates; and studies on the nutritional value of different 





ooo. Phe fermentation industries may use ground corn, dryemilled 
@orn products, or wetemilled corn products. In most cases these, 
‘@orn produéts are in direct competition with blaekstrap or iavert | 
‘molasses for the fermentation markets Sineo blackstrap molasses is 
\@ waste product of the sugar industry, it is always sold at a price 
slightly wn@er that of an equivalent quantity of corne As a result, 

| ‘the outlet for corn vroduets as rew materials Ant: Wartiendecthens has 

: ‘béen restricted to the production of materials of high qulity such 
“as aleoholi¢ beverager, vinegar, leetio acid, citric acid, and rlucen« 
Lee waste. the Uolted Bhates are 
 "“S peneral: conception of the mguitude ef the fermentation in- 
dustries coneuining apricultural raw materials is given by the produce 
tion ficures for their produets, exclusive of food products. «In 1936 
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more than. 179 pee ainsian's of wine, ais million gallons of . 
whiskey, and 1,600 | gellons of malt beverages were produced . 
(ethyl) ‘iia, e onesie vials vo. avout 107 million proof 


gallons, of which 169 million were derived from molasses and 16 mil- 


lion from grains Some recent statistics on the production of miscel- 


Lanes. Seuateens, Sheena ke semaniak on are..an Followns.,, Sebrie 


acid, more than 10 million pounds in 1935 (latest available figures); 


_ leetic acid, more than 900 thousand pounds for food use in 1937 (pro= 


duction figures for nonfood uses not available)» gluconic acid, 500 
thousand pounds (estimated for 1937). Other chesicals produced exe 
tanatvely, tut. nok exaluadvely, by fermentation processes inqiudas . 
Asotone, more than 12), million pounds (1937)s butanol, more than. 12h 
million pounds (1937) and acetic acid, more than 101 million pounds 
(1935 )«.. ~ 

Research ‘work ¢ on 1 yeast fermentation has. been carried on. for 
many years. Most of it has been directed toward the discovery of... 
new and specifie strains, the development of pure cultures, or the 
application of known yeasts to varioug mashes or wort@s Several organ- 
izations in the United States are at present working on bacterial and 
mold formentationss Some investigators are studying different micro- 
organiaus on restricted typas of nutrient, sqlution, while others are. , 
studying varieties of substrates for growing specific organisms, 

_ While some. fundamental studies in progress deal with the . 





lology of miorosorranians, most of such research 
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me LF 


(3) Industrial aleohol: Yesst feraentation researohes thot 
@ongera the menufaeture of industrial aleohol are alosely associated 
with, or parallels those relating te the produetion of alecholie 
beverages. — 

(4) Olyeerel: In most yeast fersectetion processes axel) 
econeie methods for its recovery and purifieetion frem residues after 
Panoval of aleshol, Sane demltory develormet research is bein: 
earried out on eleoholic yeast fermentations in the presence of aul~ 
paite or alkali to auguent the formation ef clyserci.s Such proeesses 
have been known singe the tine of the World Kar, and receive renewed 

sped tegomebenp-amemgte Limited studies on the estion of 
various molds on carbohydrat: 
ware: ugh Wander dbguUAt/en Aten Sethian eal: stented ene 
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are under way. These investi cations 








ef organic compounds by mold fermentation is yielding fruitful re- 
gulte. Operations invelvine the crewing of the melds a the surface 
tion process te determine optinus conditions. The success of sone 
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otal oqnimment, = 
tuption of glue@onie acid from ern qugar ie now a well- 
established inftustrial fore. 
of Lbs onloiun salt, ie used prinedpal 
cene for the produstion of cluconie eeid by subnerred meld fernents 






















nerefore regalt im a wider market for the acid as « rew material, 
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‘owlectic eeid fron 
rowthe hag several industriel edventages, thief of which 
are enee of recovery from the fersented liquors, exd purity or thee 
end produet, Studies are now being dirested toward tranelating smrli- 
atery work to seaiplant scale operations. 















eful beoveria|’; studies on the physiclecy and growth of bacteria; 
exmaination of the end produste produced by bacteria; and the com — 
duction of ercanie esepeunds, Among the ecd produete of particular 
sirniPiennes at the present tine are proplenie, butyric, and dextre~ 
leebie eeids. 

O° 42) Studies on the whilisation of aeetic acid bacteria, These 
sieves ere an ef effeoting the transforsetion of « lerce 
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‘grain, it is nesessary te convert starch to. 





401 to lesorbose, which 4s a row metertal for 


‘the eomereial production of eynthetie vitenin (¢ (ascorbie sold). 
Studies are now ia progress for the development of methods for pro- 
Queing raré aud useful organic eexpounds by the oxidative action of 


strates, nost-of whieh are of atrisultural origins Investizations ~ 





“are: also bein: meade on the cmmaainent a Sekete slue@nic acid fran 





(9 (3) the buteteleseetene fermentation. ‘Thie is ene of the most” 
important industrial fermentations and a creat deel of research has 


“been earried ott on the procese. Forther studied are bein: made, how 





seitnauaiicamaiaiisiligissteas starch as such, In the predvetion — 
: rages, and Industrial aleohol fron” 
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meumption ef gasoline as motor fuel in 


the, United Staten is eround 22 billion gallons, requiring about o 


billion barrels (of 42 galloas) of erude petroleum as raw ais j 
“percent aloohol blend would, therefore, require over 2 billion 
mllene: of alechol an 4 national use basis. The total present fers 
about GOO milliea Llttidet gunwally, divided almost equally. between 
industriel alcohol plants and beverace spirit (whiskey, cin, rum, ote.) 
Plantes Porhaps half of this total capacity micht ve evileble for 
motor fuel spirit 1 ee eae, | due to limitetion of present markets. for 
aleohol ani spirits, In case of war or other seeqztional conditions, 
there would probably be ne exowss capacity, 8 

current regeerch dosing with the prodvetion, of notor fuels, 
from agricultural raw wateriels may be grouped as. follows: a 

»@he 4 comprehensive technical ani eoaesie survey of the wae 
factors involved in the preduction of power aloohel by emails 
This survey includes studies of! Various rew materials as possible | : 
sources. of power aleoghols present conventions) fermentation methods — 

bions, as well as the costs involved; present “ses and = 

ots and wantes of power | 


9, the United States is only 
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progréei on the toxicity, metabolisa, and nutritive value of mold 
mycelia may furnish valuable inferwaticn concerning their possible 
use a8 rew materials, = = 

30. Use of cornmeal and cround sobs as carriers in poisoned | 





1. Genetic, agronomle, and pathelogie researehs Studies new 
in progress on corn as an agricultural crop should be extended to 
cover the individual constituents of the kernels This researsh neces- 
fatty oile, proteins, picments, enzymes, otees which sake up the 


kernel. Complete information de needed on: The composition of the. 


eerm, hull and endospersy the relative proportion of each constituent 
im the craing the wariations between inbred lines, crosees end etrains 
of corny and chances in eorposition with maturity, season, harvesting, 
dryine, storare, weathering, and diseased conditions 
0 OB, Grading sorts’ Present methods should be investi cated 
from an industrial weilisetion viewpoimts 

Be Drying coms. Methods of artificial drying of corn for in-— 
artificial drying are reported to digintecrate the fliaty sterch to « 
greater extent then does field drying. 
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(7) ixberanal of the causes of physteet’ differences amone 


‘Gaedenesy and (8) pplication of ultra-centrifuce, ‘dltre-filtration, 
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‘3. ‘Ghecleck stelle es ‘gtarch, euch es polymerization by 
‘Mention, otidation, hy- 








arolyeis, pyrolysis, etee any of ‘these reactions will yield infor. 
" tion on “the slice and structure of the starch molecule. The role 
played pe: tress condtl tubaes whould be deternineds saan 
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Mie hipeseemnee or ‘modified starches, dextrineé) and pins’ by 
“hen physioel treatment of the various stardher. 
+ Piyatoal ‘studies on ‘gugare, Studtos should be made on the 
epertis oft Iaith seidnotey" hg My boa vartous crystalline ferns 
raotoe mylose} and (3) soluttond of itxtured of the 
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Ge, Chemical studies on. eugarse. They should include: 
“aa Preperation of derivatives.of sugars by graded methylation, 
alkaline and ee ee 






steal studies on the chemistry of the 





suger atid locking toward iaprovenents in: chewioel methods: ‘or 
_produeing gorbitel, mamitel,and ascorbic neidy (3) wtudy of 


niees sidiidatabiiabiiadiny: and (1) compere , 











aay heehee compounds have been isolated and identified as 
he prota of metabolism of both molde and bacteria crown on — 
various mibstrates. Suggestions for further fermentation investiga~ 

Ae BB Bieghemistry of wloro-orgeniass, 4 syetematia study — 
should be made of this subject with a view toward the produetion of 
ineluger, ihe A seareh for new industrially. useful orzeniams, 
necessitating the procurenent end vaintenance of a eolleetion of all 
available aera tegient: agents end their frequent subculture, on 
suitable media end uader favorable, onditions, in order that ‘the - 








aiorebialosical, pen of orgeniens, with special attention to 
the effects of nutritional and enviromental variations inclucing 
“ehanges brought about by X-rays, on their metabolic products; end 





from, farm ueterials. Such o study would 
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test possible tine. 
factors eugiested for study under (3) are type 
of feruentation vessel, preparation of inoculum, conesntration of 
. Lassi tetperaturé, preseuré, agitation, pi, and the idind and 
ity of nutrient with regard te nitroges and cayeen wegeinenanne, 
| ary elenents, and accessory growth fact 
ACSA ie t te LK 
“through laboratory atudies to have promise of industriel epplicetion. 
“Regearch of thié nature will Hot only afford « means of evaluating the 
‘Gemuidbotal PedetbiTity of how prosoneon bub will sake available ful 
“Ptoieat quantities of id products to allow extensive exanination of 
_ thela phyeloal end chemical pesoertieg:s and the a preparesion end study of 
derivatives, © | ‘ 
 Taprovessnt in effieiansy of present industrial fernenta- 
“thon preaceses has beck sug ested ‘by many ae a Prultfal Meld of re- 
“gearcti. “The ‘application af how knowledge regarding the biochemistry 
wuld result in higher ig tiely shorter feruentation 
periods dnd hore effletent recovery methods. 
“. ‘Deatca of éqhipmont. ‘the’ develoraent ér improved equip. 
“ment for’ ‘gpeetfte | ty ype s of foruentations should ‘peoskve onsideration. 
“the type of equipaent used in fermentation depends lercely usen the 
‘nature ae all vert: velar acca, thet A, 9 whether ad are aerobie or 
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types of tachinery and equipmsat used in production processes; A), 


degigning, erection, and sugervieion or operetion of cemonstration = == 







for use with aew types of fuel. 

tion and warketing of a i ensiees en the sensi dime 
pact of produgtion end use ef new fuels on existing inductrys (2) 
geographia | pi availability of the raw oateriale; (3) 
locations for prodweing plants in relation to raw material produc 
tion and concentrations (4) developuents ia foreign production and 
use of eloohol fugle fer pewer; and (5) possible future competition 

















yal materials other then pet~ 
roles 

Glin Waintenance of « research and advisory organisation to 
study all national and international developments on the subject of 
noter Suels end to give advice anc assistance in the designs erection, 
and operation of demonstration plants by pioneering groups to aid in 
building « national industry. 
products and wastes: 





A gumanry of suggested research projects relating to the utilisa- 
tion of corn by-products sud wastes Zolliows: | | 
850 Protein studies, including: (1) Isoletion and purification 
of sein from cluten;and (2) determination of the physical and chemical 
properties of the corn proteine as a foundation for their utilization 
in plastics. 
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is processed by roller milling, The flour milling industry is hish-. 
than have most of the other food pressing industries of this country. 
_ Since wheat has been used chiefly in human foods and in animal 





lized and mechanized, and has been so for 2 ldnger period 


feeding, fundamental and applied research has naturally been directed 
particularly to its adaptability to such uses. These researches deal 
with the biochemistry and technology of wheat, through the genébics 
of breeding and reproduction, culture or agronomic phases, harvest-_ 
ing, merchandising, grading, storing, and numerous processing opera- 


tions, as well as the nutritional aspects. Since many fundamental - 


chemical and physical properties of wheat and wheat products are be~ 
ing covered in these researches, they are of direct interest: in any 
survey dealing with the utilization of shan or wheat products. 
The following major divisions of this research have been — 
chosen as a matter of conveniences Wheat production and storage; 
processing of wheat; wheat flour and specialties; anc by-products. 
Under these hea 
in pregrese which have a bearing on possible industrial utilization 





lings have been grouped those research projects now 


of wheat and its by-products. 





oo Le Genetic and breeding studies to develop resistance to ~~ 
black stem rust, bunt or stinking smut, and other diseases and in— 


sects; to hasten date of maturity; to improve cold resistance or 
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winter hardiness in fall-sown or winter wheats; and to produce strong, 
highsgluten bread ‘wheats and soft starchy wheats for pastry and cake 
baking; with parallel studies of the effects of genetic characteris- 
tics; plant diseases, insect infestations, and frost damage on the 
composition and technological properties and characteristics of wheats. 

02. “Investigations of environmental influences upon the. com 
position of wheat, including: Available moisture from rainfall or 
irrigation; effect of soil nutrients, their concentration, and the — 
time and manner of their application to the soil: and temperature and 
related climatic variables. = = 

3. Cultural and harvesting studies in their relation to con- 

@ trol of insect pests, and to composition and quality of wheat, ins 
Cluding: “Combine harvesting under varied climatic conditions; rela- 

tion of stage of maturity at time of harvest and of various methods 

of handling sumer fallow to composition and technological proper- 

ties; effeet of previous crops, ‘particularly of lesumes, upon the 

composition and properties of suceéeding wheat crops; and effect of 

damaged, shrunken, and broken kernels, and of foreign material, upon 

the composition and properties of bulk wheat. ~~ LOG, 

“Ae Wheat storage investigations, such as: Influence of rela- 
tive soundness or freedom from damage, foreign materials, moisture © 
content, temperature, ventilation, size of kernel, control of insect 
pests, ahd other fa¢tors upon the respiration and keeping qualities 
of the stored grain; and’ relation of stored—grain pests including 
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fungi, bacteria, inséets, and mites te bulk temperature, to the 


destruction of grain substance, and to the modified composition and 





5 Investigations on wheat conditioning or preparation for. 





%, and thermal and 





Willing, including control of the moisture conte 
chéitical treatments. 

6s Millane studies on: Composition and technological proper- 
ties of the intermediate and final products of milling, and the com 
bination of the latter into finished flour streams; chemical treat— 


ments ineluding flour bleaching with various agents such as halogens, 





ies, etc.; and manufacture of durum semolinas and graham 


or whole wheat flour, 





” “Research on manipulation and materiale involved in the utili- 


gation of wheat flour is directed almost entirely to a more exact — 


control of baking operations and ‘te improving the quality of bakery 
products. It falls into the followitig groups: aes 
“PLS Doug ‘studies: The-physical properties and chemical re- 


actions of doughs as they are affected by type and quality of flour, 


composition, and other factors; the relationship of doush properties 
in and starch contents of wheat 3 and the effects of the 





proteolytic, amylolytic, and fermentation enzymes on the production 


of doughs “and “Pinidhied bakery produetes’ © eo°" 
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ooo8so Baking investigations: The biochemistry and chemical © 

technology of bread baking, and the development of new and improved 
practices in the preduction of hard breads, crackers, cookies, cakes, 
pastries, and fancy cakes. © 

6 ¢°@. Specialty food products: Highly specialized studies deal- 
ing with various problems involved in the production of breakfast — 
foods, malted wheat flour, and alimentary pastes such as macaroni, 
spaghetti, and noodles. | 

>. 1Qe Miscellaneous studies: Effects of “bread improvers"; de~ 
velopment of chemical leaveners; retarding the staling of breads and 
development of methods for the control of mold and "rope." 





vo bh, Utiligation of by-products: Isolation, purification, and 
characterisation studies of wheat protein; investigation of wheat 
germ and wheategerm oil as dietary supplements and sharmaceuticals; 
attempts to improve edible bran as a dietary supplement; evaluation 
by conventional analyses and biological assays of milling by«products 
used in animal feeding, ineluding bran, shorts, or middlings of dif- 
ferent grades, red dog, and low-grade flour; testing of milling by- 
products as attractants and carriers in poisoned baits for insects; 
and industrial utilidation-of wheat straw (see section on Agricul- 
tural Wastes, pe 110). md 2 
“cove, Neordirest reference is made in thie section to utilization of 


wheat in food products, but it should be recognized that when additional 











Ras JMG OAPaeY ailen 


sacha aero 


RUC SI NUIRiTE Roane ade AAS 
be PRET ET EON 












ele ite 
brits 


aay 
oe 







































hey x 
i ee bk . 
6 Ow " 
} 
‘ ; , 
ene yee : te 
2h Corea a 4 ’ 
| ee 
‘4 . Roe] a ‘ 
twa’ 
fie 3% , ; 
ie i 
\ % 
tang 
é 
5 
, , f Hal! 11 Le RU eit 
1 he S i y Mid VR » i} 





fundamental facts become known. through new studies directed toward _ 
industrial utilizetion of whest, they nay, find useful application in 
vooces#er, convenience, suggested research on wheat has been divided 
into two, seetions, fundamental research and technological research. 
in the first. are included studies of composition, constitution, and 


properties of wheat and wheat constituents without specific reference 


to industrial applications, but rather with the idea of elucidating 


facts requisite to a sound program. In the seconc section is listed 


a series of suggested projects which have a well-defined industrial 


application and may be based either on fundamental knowledge or on 


observations made bya more or less trial-and-error procedure, __ 





-heritance of kernel shape, texture, and cther physical properties; 


disease and insect resistance, earliness, and cold resistance or re~ 
sistance of winter wheat to freezing; important industrial proper- 


ties,,.such as content of proteins, minerals, starch, sugars, fats, 
‘pentosans,:and pigments. ... 9... 


ofa Rayne ent en..0n, the, intanense of, environment on the cheni~ 


eal end. technological. properties of wheat, including the relation of 
the, soil minerals to.those of wheat and the effect which these miner- 
ae, exert: upon the physical properties of wheat, and upon its pro- 


ducts, constituents, and technological uses. _ 
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3, Crop surveys. Surveys of the characteristics of each crop 
“ghowld"e made to serve as’ basis for predicting the relative avail- 
ability of various types and qualities ‘of ere wheat for industrial 
processing. — : 

“As Wheat ‘storage studies, indluditig: “Respiration of wheat in 
storagé; changes inthe properties and composition of wheat kernels 
durttig storage} and considération of the fungi, insects, and other or- 
ganisns “associated with bulk wheat, and the use of chemical and heat 
treatierits for their control, in relation to its keeping qualities. 

o°C5, “Investigations on wheat proteins, to “include; Controlled 
siptbanelcae aati Napa 





s of wheat proteins; quantitative recovery, 
fractionation, and purification of wheat proteins; and fractionation 
and purification of the products of partial and complete hydrolysis 
of wheat proteins. (For further details see Protein Studies in the _ 
section Dairy Products p.616.). ‘Al ee 

6. Starch studies, to include: Fractionation and recovery of | 
starch components; chenieal constitution of these components; and 
cheniéal, ‘bicthemical, and physical maninulation of the amyloses, as 
in hydrolysis, oxidation, and reduction reactions. (For further de- 
tails of a program Which should be aécompanied by similar work on 
wheat starch, see the section Yet Milliny of Corn, Fundamental Re- 
search on Starch, Starch Derivatives and slimes under ameeree Re~ 
sbaPeh Ba Cohhn, yO “ers Ses Me | | : 

7%. Chemical ‘ore ‘on ininor constituents such as wheat— 
germ ofl, vitamin E, vitamin B, and natural fat anti-oxidants. 








» i 

oe f. ernentation studies: Investigations on fermentati on of | 
wheat and of wheat constituents or derivatives; a action of special | 
yeasts, bacteria, and molds or other fungi on wheat proteins and car 
bohydrates (starch din particular), and on other materials prepared } 
from wheat, as substrates, with @ view toward producing new cheuicals 
for use as reagents, or for syntheses and special applications; re- 
covery of useful enzymes and enzyme concentrates from such cultures; 
and special fermentations which may be indueed by these cnaantaen or 
by the enzymes thus recovered. (For further details, see suggested 
oresearch under Fermentation, in section on Corn, p./. :) 





Ga Wheat, silling. studies, with particular reference to: Re- 
covery of special types of flour or meal to be waed in various indus- 
trial applications; inereased recovery of wheat germ, only about, one- 
tenth of whieh is now recovered in even a reasonably pure (60-70 per~ 


sent).form in ordinary milling operations 3 and recovery of purified 





ran and its. utilization in the production of enzyme, vitamin, and 

mineral extracts or goneentrates for use in supplementing the nutri- 
ents of white or patent flour bread. , 

»» 0. Technological manipulation of wheat flour of various | 
_ grades or degrees of refinenent, produced from wheats of varying « con 
) position (particularly in terms of gluten content), to determine the 
usefuiness of such flours and flour derivatives as the basic materi- 
als of adhesive pastes, binders for briquets and foundry cores, siz- 


ings for leathers, and related or new applications. 
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11. Technological studies on wheat starch to ascertain whether 
it or its derivatives possess any unique properties which would facili- 
tate their use in special cases to be developed, and whether it or its 
derivatives might be substituted in whole or in part for starches now 
imported into the United States for use as adhesives, in sizings, or 
Sor, SENOe, PAP OSeMe « : : 7 

12. Industrial fermentation studies based upon application of 
existing knowledge and the results of such fundamental researches as 
are outlined under item 8, and with due attention to the utilization 
of low-grade as well as sound wheat as a raw materials and milling, 
decorticating or peeling, and degerminating methods, to receive at- 
tention in an effort to effect the economical separation and utiliza— 
tion of all parts of the wheat kernel. 

-. 13. Technological investigations on wheat proteins, notably 
the gluten proteins from the endorsperm, including the development of 
industrial processes for quantity recovery and purification of the 
proteins collectively and individually, and their utilization in the 
production of plastics, fibers ("artificial wool"), and paper size and 
for other applications which may be developed. Particular attention 
should be given to the recovery and use of the cluten proteins in the 
durun wheat flour which is a by-product in the manufacture of durum 
senolinas. 
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is in the finishing "7? tenn beens “CA Seetlan of the exee 
whieh reaches terminal markets finds four principal outleta in (1) 
naktdng, (2) feed, Q) food, and (4) export. Pepert trade is small 
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and ks Peiped from 4 million to 0 million bushels armmually over the 
pert 1927~36) steeindniaiiamed hand, Yanged frow 1 iitlicn to 






! produced in the United States, fron-the industrial 
‘fs sdrpassed in importance agong the grains only by 
wheat aha cortis “ kppr ly one-—fouyth of the crops malted,and 
this outlet aceouts for the greater part‘of the barley that finds 
its way to the Cash markets. In the calendar year 1937 about 61 ail~ 
ibn’ pusiels ‘ef barley were ualted. By far the largest consunp’ 
of malted barisy is in the Grewine and distilin: industries, ale ~~ 
thbigh {shortint quantities find outletenta malt straps, malted aflk 
everaces, malt lout, and other food products, “only relatively - 
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S08: of Sotley axe ebedMkn the panuteetize of barley? o0%~ 
flour or os a breakfast food. Pearl berley is employed in food pro- 
duets such ae soups aid dressings oo eo 6 Se 
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tw 2y To @tudy the heritability of the various maltine quslity 
ose 3.0 Storaxe investicatisne on the effect of age and the condi~ 





fectord eo dete Make sntel 


tions of storage (ineluding » insect infestation and the use of ine 
seeticides) upon the — shesaanicrts — of barley. 
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By. Study of the effect of temperature, aoisture, and ace on 
barley walt in’eborage. 9° ae AR BEES 
Soo) UG SRWaLes Oh he maltihe’ preeege, es ¢., the effect of ror 
temperature’ of the water én time of steer; (2) — bases, snd salts 
in steep water; (3) the use of cataly 
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(4) tetperature of iilning; 45) production of sterile malt elrup and 


malt sugaras (6) development of high enzyme malt; entelabenateation 





of malt flaver and dry nalt extracts with misimm ly groseepic - 
ie. of tertelogion! vwreiuete.. shox 279,28) tow of 
“ie: Correlation of the character and compositicn of “alts pro~- 
whieed from different kinds of barley with the nature of the beer 
brewed under definite eenditions eo that any brewer can be supplied a 
malt that will be best suited to hie process of brewing. This should 
25850 bushel. and-baerel capatityy respectivelye:) «6. = oer 
\Le Dery Beewting studies (2).to determine the effect of air and in~ 
purities on tha quality and hasiness of the beer and how to eliminate 
‘theng (2) to develop methods of. sterilizations (3) to stabilize foan; 
‘12. Studies to determine the effect of variatione in teapera~ 
stare and time during mashing, bolling, ete., on the quality of beer 
mien. foi; ci, sme, ete, feo doetedture] Faster) 
13. Studies correlating yeast propagation with malts of dif- 
ferent qualitys 
l4s Studies to extend uses of high diastatic aalt extract in the 





wall paper, laundry, and textile industries. 

iSe Study of malt as a possible coffee substitute, 

16. Stuiies on the use of malt sirup or extract as a source of 
food by people on relief, This would not only supply the needy people 
with an excellent food byt would make 4% possible for many brewerles 
which operate only 3 to 4 days per week to work more hourde 
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17. Studies directed toward the utilization of malt culns, 

brewers" and distillers! grains, especially in the ramfactcre of 

Plastics, adhesives, ete., and by beeterial perwere fersent 

the produttbion of tecimological produetss» sbout 375,000 tons.of | 

trewera! grains are produced in American breweries, «= large part of 








1g, Study of brewers! excess yeast as a source of vitaminey 
ergostersl, and other products of irradiation by ultraviolet Licht 
or otherwise; in the food imiustries for the production of. ,concen- 
trated yeast extract with high vitasin and mineral content for pharnze~ 
29, “Weilization studies of barley unsuited for malting (1) in 

(20—. Ubdlisation studies of barley straw. (6,000,690 tons avail- 


material, fuelj oll, gas, ete, (fee agricultuxal “astes,) 
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‘Se Tnvesticntions ‘of the cheracteriotics, structure, classiti- 
pWihd Listribution of oat typed and varieties. 
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) Sueh research on oate and oat products as was suggested dur 
| ing the course of this Survey is sumurised below, Th some cases 
this involves merely an extension of work Slready in progress 








Agticultural: 

ke Studies such as breeding of oats to improve the possible — 
industrial, food and feed value, especially the mineral and vitamin 
content of oat grain, 

R, Determination of the influence of variety, climte, soil, 
peil minerals, fertilisers, methods of culture, harvesting, etc., on 
the quality and mineral content of oste and the consequent esfect on 
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Of the so-called minor srains «~ sergum, rice, ryé, buckwheat, 
&ixi ‘edict = be firet ee is tue most impartant frau the standpoint 
of gereaze, yis af and fara Value, Nice is second in importance in 


* 


at and millet ars the least important. 


a 


yield and farm value. Suchwae 
The grais sorghums (including keflir, «ilo, ee durra, 
atte), Waich ars amine our most drouz pteresistaut erops, have an im 
portant place im the agri jeultural ecanumy of the semiarid regions of 
the United States, They Sring a gross ferm decane of & to 6 million 


GULLS 2 Yeats Tie total Lend devoted to grain sorgiuuns ranges from 


7 to 9 milion BETES, QAMd the yield averages 11 495 15 bushels an acres 


urdinarily, sonew2at more than half the acreaye is harvested for 


grain, the reusincer being used as baracce she average annual output 
ol erain serguums from Lue? to 1056 anmunted to about 30 riliion bi 
shels, In 1988 the crop increased sharply3 it is estimated at L107 
miliion bushels, Texas is by far the larrcest sera DALE, armugle 
Ay Harvesting tare than SU million Wusuels. Ghishoas, Kansas, New | 
Mexiee, California, and Uolorade rank next in importance. 


Grain sorghums are used almost exclusively for aniual feed, 


and ape fed chiefly on Lhe tarde The prozimaete ou suukt whom ef the 


grein a8 similar to Ghat of corn 2 (alse), except that the sil content 
L8 Gomenhat Lowers this w ould ind ticate that Sergrona prain aig % be 
used for the product Lion of utar ig ©: ible oll, ang certain by-product 


Toads, Just as corn is now USE The pera of the sorghum grain cone 
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stitutes 10.percent ef the kernel by weight, and contains more than 
20 percent of O11, being in that respect very similar to the germ of 
oo Rhee isb-a sectional crep, 60 percent of its production being . 
wa to Lovisiana, Texas, and Arkangas. WNost of the remainder is 





grown in California, The totel rite erop eecupies about @ million 
acres, ané.57 to &3 million bushels are grown annually, Rice is used 
essentially as a food grain. From 1 to 265 million bushels are used 
ammuslly-in the manufacture of fermented malt beverages. In addition 
to a comparatively small international trade, more than 10 million 
bushels (20 to 25 percent of the total United States production) are 
ries is particularly large this year (1958-89). Probably less Ameri- 
can rice will be used during the coming season than was used last year, 
with the result that large stocks will be carried over into the 1059-40 
venia, Yroa 2 to 4 million acres are growm annually, yielding 17 to ~— 
58 million bushels of grain, with a farm value of 12 te 34 million dol~ 
larse «The price of rye varies considerably. In 1956, a year of short 
crops, the price averaged 61 cents a bushel, and in 1938 it declined 
to less than 56 tents a bushel. Rye is utilised both as a food and as . 
feed, Purthernore an appreciable quantity is used industrially in the’. 
and ethyl alcohol. 
Buckwheat and millet are relatively uninportant erops. Buck 
wheat is largely a food grain. Froa 6 to 9 million bushels are pro- 
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le Studies to mfluonce of the genotic, varietal, 
and environmental foators on the shedens ang physical peqpertins of 


the compments of the minar grains. 





ie studies ree doveraine the changes taking place curing storage 
and the effects of such changes « on the quality of the various constitue 
onts ¢ of the  erainas iat 





| ts studies | on the wesley of the + corbakyuretes, proteins, and 

oils of the grains for the namazacture of starch, MO hy adnesives, 
plastica, paints, ets “Rice stareh, because of its peculiar character 
Latics, ’ ds of particular technological interest. 

ge ue Bs Inveatizations on the malting “properties and the Aastatio 
and proteclytic ensynes of the grains to detoraine their adaptability 
for. use in fermentation processes and for other ‘tectnolagical PUrpOses. 

Pe 6. studles on rye bran and gora and om rice bran and polish as 

saan sources of vitmin and winera concentrates Brad of hasan for 
pharanceutical and medicinal purposes. “(About 150 million pounds of 
rice bran and 80 million pounds of rice 2 polish are available. iss 

penta 1 Lnvestigations to determine the possibility of using the oa 
proiucte, Aneluding buckwoat hus, buckwheat stram, sorghum stalks, } 
nye stram, rice strat, and rice hulle, ¢ for the namugacture of, indus : 
trial products such as solid, ‘guid, and . 1 gapeous fuels, cellulose, o 
ere ree? and charcoals (Gee also Agpicultural ‘aston, pe x0) 


aera 
Werks 





Shee 


(PART If) 


110 


se 





yy oi 


Piautie). easton have reread € ‘insti ’s 


ei ak weit! t haya qioe tells 8 tae 









stalks, stems, hulle, Cobia, | 8, poday ‘bagnsse, ne “yulls, 
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1 
a The term “acricultural reese oe not "a6 serena used 
as "agricultural wastes," would be more exact. Cereal straws, for in- 


stance, play a definite part in the farm economy, even though the pro- 
ce eae actually used is minor, 
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dollars annually.  Rescarth work on agriéulte “wastes Has been 

respite Lor developaet of the strawpoard industry, the pro~ 











duction of structural insulation frou bagasse, cornstalks, anit 
straw, the production of furfurel from oat hulls, and other ine 
dustrial applications, Sut only « seal proportion of the total 
amount available is used at present, sainiy because of the diftiie 
oil. ties of collection. es 

"The magnitude of the quantities classified as agricultural 
wastes can best be indicated by comparison with other products. 
For instemce, the total annual growth of timber is reported as 
11,287,000,000 cubic feet, equivalent to approximately 120,000,000 
tons of dry material. In 1936 483,830,000 tons of coal were pro 
duced. in the same year the production of petroleua totaled 
1,098,516,000 barrels, equivalent to 184,551,000 tons. The average 
annuel human consumption of food in the United Gtates is approxie 
sately 100,000,000 tonsy which when reduced to dry weight is not 
more than 50,000,000 tons. 

Per statistics are available on the crop py-products cise 

cussed here as agricultural mates The only rénseuntily debdatenvany . 
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The Corn Belt, particularly the northern part, is also the center of the preduction of the 2 crop is very 

: important in the Spring Wheat and Dairy Belts to the north and east. In most ¢ © rogions small 

grains—winter wheat to the south and oats to the north—are ineluded. Oats aré n fed to live- 

4 stock, and in regions of livestock and diversified farming this Fis ne crop attains greates adapted 
; especially to a fairly cool, moist climate. Nevertheless, a large acreage aia SK ai to 

| central Texas. This acreage, partly fall-sown, is attributable more to the need o f feed for “ho wees tha 
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The United States produces about one-fifth of the world’s wheat, as compared with nearly three-fifths of the 
world’s corn and cotton. Seventy percent of the wheat acreage was in the Great Plains States in 1929, and wheat is an 
important cash crop entering into the rotation of the eastern Corn Belt, and of the limestone valleys and Piedmont from 
Pennsylvania to North Carolina. The wheat region of the Great Plains is divided by the Nebraska Sand Hills into the 
Hard Winter Wheat Belt to the south and the Hard Spring Wheat Belt to the north. The Columbia Plateau produces 
both winter and spring wheat. 






TOTAL OATS (EXCLUDING OATS FOR HAY ) 
Acreage, 1929 
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UNITED STATES TOTAL 36,527,000 ACRES, 
OR 10 PERCENT OF ALL CROPS 


Each dot represents 
10,000 acres 
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The Corn Belt, particularly the northern part, is also the center of the production of oats, and the crop is very 
important in the Spring Wheat and Dairy Belts to the north and east. In most crop rotations of these regions small 
grains—winter wheat to the south and oats to the north—are inclided. Oats are the principal small grain fed to live- 
stock, and in regions of livestock and diversified farming this feed crop attains greatest importance. Oats are adapted 
especially to a fairly cool, moist climate. Nevertheless, a large acreage extends southwestward across Oklahoma to 
central Texas. This acreage, partly fall-sown, is attributable more to the need of feed for horses than to favorable 
climatic conditions. : 
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BARLEY HARVESTED 
Acreage, 1929 


UNITED STATES TOTAL 12.891.000 ACRES, 
OR 3.6 PERCENT OF ALLCROPS 
Each dot represents 


2,000 acres 
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A dot on this map represents only one-fifth as much acreage as on the corresponding maps for corn, wheat, and 
oats. Barley is a minor crop in the United States compared with these crops, except in the Spring Wheat and Hard 
Winter Wheat Belts, the valleys of California, and in southeastern Minnesota, southeastern Wisconsin, and northern 
Illinois, where barley has persisted for a half century. Some varieties of barley are sown in the fall in the Southwest, 
thus escaping most of the summer drought and heat, and largely replace corn for feed. Other varieties are cold- 
resistant and replace corn in the Northwest. 


RYE HARVESTED 
Acreage, 1929 


UNITED STATES TOTAL 3,033,000 ACRES, 
OR .8 PERCENT OF ALLCROPS 


Each dot represents 
2,000 acres 
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Rye is a crop peculiarly adapted to sandy or depleted soils. Before the World War it was grown principally 
in the sandy sections of Michigan, Wisconsin, and Minnesota, with a smaller acreage on rather poor soils in Pennsylvania, 
New Jersey, and eastern New York. Stimulated by high prices, production increased rapidly during the war in the 
Spring Wheat Belt, until by 1919 one-third of the Nation’s acreage was found in North Dakota. The production of 
rye in western Nebraska and eastern Colorado shows that it is a very drought-resistant crop. Before the depression 
and the great droughts the rye crop, like the wheat and barley crops, was shifting toward the Great Plains. 
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TOBACCO, RICE, AND FLAX 
Acreage, 1929 


UNITED STATES TOTAL 


FLAX 2.966.000 ACRES 
TOBACCO 1.888.000 ACRES 


RICE 74N.000 ACRES Si Each dot represents 


2.000 acres 
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Tobacco, rice, and flax are localized crops. Tobacco is grown mostly in Keriucky and adjacent Tennessee, in 
Virginia and the Carolinas. But there are also important centers of production in southern Georgia, Maryland, Lan- 
caster County, Pa., the Connecticut Valley, Darke County, Ohio, and southern Wisconsin. Tobacco is sensitive to 
soil conditions, but the requirements vary with the types. Rice is now practically confined to the coastal prairies of 
Louisiana and Texas, the prairie and adjacent lowlands of eastern Arkansas, and the valley of the Sacramento in Cali- 
fornia—all areas of heavy subsoils that hold the irrigation water. Flax is grown mostly in the Spring Wheat Belt, a 
region of short cool summers, in southeastern Kansas, and recently in the Imperial Valley of California in the winter. 










RIPE FIELD BEANS AND PEANUTS HARVESTED 
Acreage, 1929 
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UNITED STATES TOTAL ACREAGE 

FIELD BEANS 1,867,000,OR 0.5 PERCENT OF ALL CROPS 

PEANUTS 2,447,000,OR 0.7 PERCENT OF ALL CROPS 


Each dot represents 
1,000 acres 
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In western New York and central Michigan the leading varieties of field beans are White Pea, Robust, and 
Wells Red Kidney; on the high plains of eastern New Mexico and Colorado, mostly the native Mexican or pinto bean 
is grown. In California, practically the entire commercial crop of limas and a part of the crop of white beans and black- 
eye beans are raised; and in Idaho, Montana, and Wyoming the Great Northern, a white varicty, and other varieties 
are grown. Peanuts for human consumption are grown mostly in the Virginia-North Carolina district between Richmond 
and Raleigh. Those grown in Georgia, Alabama, and Florida, in Texas and Oklahoma, are the smaller Spanish variety 
and are mostly fed to hogs or made into peanut butter or oil. 
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TOTAL CORN 
Acreage for Grain, Silage, Forage, and Hogged Off, 1929 


UNITED STATES TOTAL 97,741,000 ACRES, 
OR 27 PERCENT OF ALLCROPS 
Each dot represents 
10,000 acres 


BAE 24994 


About 60 percent of the world’s corn crop is grown in the United States, nearly all east of the line of 8 inches 
summer rainfall and south of the line of 66° F. summer temperature. In the Corn Belt, the area shown as nearly black 
on the map,. production exceeds 3,000 bushels per square mile and in some counties rises to 5,000 bushels. This is mostly 
a glaciated region, much of which is characterized by prairie soil, derived principally from calcareous glacial drift and 
high in humus and nitrogen. The land is level to rolling, nearly all arable, and adapted to the use of modern machinery. 
a rape ve winters are dry and cold, retarding soil leaching, and the summers are wet and warm, promoting rapid 
plant growth. ‘ 
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The boundaries of the Cotton Belt correspond closely on the north with the lines of 200 days of frost-free season 
and 77° F. summer temperature; on the south with that of 11 inches of autumnal rainfall, because wet weather inter- 
feres with picking and damages the lint, also increases boll weevil injury. On the west the boundary is approximately 
20 inches of average annual rainfall. Further west, in southern New Mexico, Arizona, and California irrigation is 
necessary. The densest acreages are on the rich soils of the Yazoo delta and the prairies of Texas and Oklahoma. 
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SUGAR AND SIRUP CROPS 
Acreage, 1929 


SORGO FoR 
SIRUP 


UNITED STATES TOTAL 
SUGAR BEETS 644,000 ACRES 
SUGARCANE 298,000 ACRES 


SORGO FOR SIRUP 136,000 ACRES Each dot represents 


1,000 acres 
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Sorgo is used to produce sirup, not sugar, and the acreage in 1929 was much smaller than in 1909 and 1919. 
The sirup is mostly made on the farm and only a little enters into commerce. Sugar beets do not, in general, have a 
sufficiently high sugar content to be manufactured profitably where the summer temperature is over 72° F. and the 
beets must then compete with corn for the farmer’s labor. Sugarcane is now grown commercially in this country only 
in southern Louisiana and around Lake Okeechobee, Fla. 
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A F ont deat of cadtoeds. study | has been directed overs 
- harvesting, collecting, and cleaning crops. Naturally, this» work 
has been concerned mostly with gathering the staple erop 4 oni 





such as boll contents and grain or seed. However, a Limited but 
ain creasing amount of attention is being given to the collection of . 
stalks, stems, etc., which constitute, the  brsprodact or vaste Por ae 


tions of the crop. 





| Probably the aout important problem in connection with the 2 | 
eo utiidastion of agricultural wastes is their economical. collection ae = 


these materials industrially is the fact that there is no. sone : 





convent ert shipping points. by-products such as bagasse and oat a 
hulls, which accumulate in large quatitttdes at ails, ’ ‘create interest 
in their utilization. because of this concentration of supplys Wastes 


Se ae The following wore has been suggested: 





and secregation. At preeeins the greatest: deterrent cd the use sof ss 6 oe 


nenaptabin low-cost. plan for lecal collection and ‘concentration a ‘8 - o 


such as cornstalks and various cereal straws, . which require ‘eollection ae 


and ‘transportation to seetral points, have aroused Lesa Anterest : a be 


1, Study present harvesting methods and Anstttute ‘ehanges Af i> 


| pane! cathe > 80 that stalks and straws my be. harvested along with 

: the main crop, tio reducing the cost of collection and preventing 
6 ee | deterioration and loss of valuable constituents from standing in ae 
ee sad } 
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2. Th order to insure year-round operation of industrial 
plants, these collected wastes must be stored until needed. This 
would require compacting into as small a space as practicable and 
protection from weather, insects, and chemical or biological de- 
composition. The following suggestions have been made in connection 
with problems of storage. 

(a) Studies of mechanical methods of compressing, compacting, 
and baling in connection with methods of shipping and the various 
problems of storage. Drying or pressing some wastes to remove excess 
water may also be important. 

(>) Studies of available equipment and design of new mechanical 
equipment for handling, piling, and other operations connected with 
the storage and use of agricultural wastes. 

(c) Investigation of methods of protection from the weather — 
and the design of temporary or permanent structures to cover mterials 
in storage. | 

(d) Studies of physical, chemical, and biological changes oc- 
curring during storage under a wide variety of conditions. Fxcessive 
losses of valuable constituents during storage and preliminary processing 
are common. Methods of sterilization, chemical treatments either for 
the purpose of preservation or to promote desirable chanses, and methods 
for partly processing the material to a more stable form should all re- 
ceive attention. . , 

(e}) Investigation of the economics of storage, with relation to 


labor costs, material losses, and transportation charges. 
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before, Lignin will node ¥ be employed to supcly the huge in- 
austria Wbliasite Ser arbastite lemigecnialy: val! a eeepatinats: of tame 
| wastes, Mgnt te produced in this sountry to the extent of about 
lend Von tone aniusliys' Ia addition, several’ afllten tons are 
ned tr Gre @iecharved as liquid wastes fron wood=pulp «ills. 
VRithsugt Iternin has potentialities comparable with those 
inherent Seat aiden not mich success has attended — 











‘palp aflle, Nevertheless, becouse of the cheapness of raw materials 


gind’'the tremendous quantities available, the possible Industrial 
Perhaps the min barrier te the succassful solution of this problem 


ds inadequate Imdvledge regarding its isolation, composition, and 


structure, ae well as the lack of moans for its econoaical carver=— 


pulping chentea; and there 49 some prospect of developing a type 


Of gulphite oroeess welch would Likewise utilize the lignin ar fuel. 
In resent yeara lignin has received attention ac a raw wzeterial for 
the plastie industries and, “in the fora of sulphite Liquery as « 


Segunce of wanllLiny seecolled because it is the tite odorous in 


eredient of the vanilla bean In addition to its use as & synthetic 


- flavoring meterial, vantllin is useful dn other chenical industriss. 
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7. Degradation by chemical procedures for production of al- 


cohols, aromatics, poasleuniatiene and other obsipottiit (nydrogenolysis). 





as ‘Hydrolysis of farm wastes to produce lignin as a raw material 
for other processes. Isolation of the by-product sugars is being con- 
comitantly studies. 

9. Investigation of the economic problems involved in using lig- 
nin to remove iron from water. ‘Tron can be successfully eliminated in 
this manner, and ‘the economie phases of the problem are being weighed. 

40. Processing lignin into plastics suitable for structural pur- 
poses. his field in particular is under extensive investigation. 
(See Plastics in this section.) 

11. Chemical treatment to liberate vanillin and other aromitic 
compounds. A comercial process for recovering vanillin from waste 
snail Liquor has recently been introduced. 

12. Modification of lignin in waste sulphite liquer for pro- 
duction of mterials useful as tannine agents, core binders, road 
binders, dust settlers, adhesives, dye diluents, and preservatives. 

13. Ammoniation of waste sulphite liquor for the production 
of organic nitrogenous fertilizers. 

ice | SUGGESTED RESEARCH 

"An active ‘and coordinated program, aimed at lessening the 
difficulty of preparing lignin and elucidating its chemical compo- 
sition, is urgently needed to provide a firm basis for carrying out 
further studies on the utilization problem. Susgested investigations 
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1. Developrent of economical methods for preparing lignin 
from various farm wastes. Little is known of the procuetion cost 
of lignin in forms suitable for industrial. utilization. 

2, Furtber. fundamental. investigations on the constitution 
of lignin, using recently. dandshaatank: wdadtaiedameatde«: 
methods. Many investigators have attacked this problem in the. 
past, but. knowledge.of the structure of lignin is still incomplete. 

(B- Gonversion of lignin to,plastic, materiale... An outlet... 
for large, qvantities.of lignin.wovld be provided by this type of 
industrial development if practical and economic difficulties 











could be overcome. (See Plastics, in this section.) 

4. Modification of lignin by chemical methods, such as 
chlorination and nitration, for conversion to materials having 
properties suitable for new industrial uses, such as adhesives 
and antiwetting agents. Many chemical derivatives of lignin have 
been formed, but so far no serious attempt has been made to con- 
mercialize them. ) 

5. Development of lignin as a source of raw material for 
the production of such aromatic compounds as phenol, cresol, 
guaiacol, protocatechuic acid, and vanillin, which are useful 
as bases for plastics, insecticides, preservatives, ctc. At- 
tempts to solve this problem,save for the preparation of van- 
illin, have thus far met with failure. 





§ 5,000,000 ~ thie value includes no cereal straws 
Wit eit ehh oie cou tdereabeeres kts 
lsrze sources for hemicellulose or derived satertals are available 
for industrial exploitation, Two lines of attack have been pursued 
in developing industrial uses for hemicelluloses: (1) Wild mineral 
acid hydrolysis for the préduetion of xylow, and (2) chemtéa treat~ 
ment to’ produce furfural, The quantity of farm waste thus used, 
sang se ea panenplt nacanbartigses available, 

seliluiosi ingens ha gsatipesiccanenlnga vena 
sugar acids present is penerally quite small, ttle information is 
exc sneniieentvcsionpenceapbeineudagimnmmsretes 
ae tte tf ern ee at 
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1g them. The néarer information 
) se, fats, ete,, but also 
‘are of such a kind as te sugeest the possible wide utilisation of these 
materials, after suitable modification, for novel industbial uses. 
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attention inthe past, chiefly because of the tremendous quenti- 


auc pag with the aim of investigebing its possi~ 
xylose pit seineniaat eas bran. Engineering difficulties were 
largely surmounted, and ite price was reduced to about 25 cents © 
@ pounds The anticipated extensive uses for the product turned 
out to be.dis: gaall, however, and ag a result com 
muriehemiptabionat this material practically ceased, This 

















picture might possibly change if the cost of production could be 





sugarse Arabinose ami uronic ecide my be obtained in rather larze 
ancunts from some materiale related to hemicoliuloses ‘the study of 
this problem and the possible industrial utilisation of these 


Purfural ia derived from the pentese and uronic acid of — 
e¢ and related materiale by removel of chemically com 
bined water and conversion to an oxygen-containing, ring-shaped 
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; acids are hydrelysis products 
dylese, which usually pre~ 
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1% in the manufacture of rolled saa 
Major difficulties in the production of furfural have been over 
has led to three important uses: (1) In the manufacture of 

naz; (2) in the purification of wood rosin; and (3) 








being evaluated. 


on, Some work ie of a negative character and has therefore not 
been treated here ~ for example, research om removal of es 
loge ag an impurity from cellulose without injuring the latter. 


che Imwestigation of hemicellulose in relation te the chemical. 
composition of woods (See also Forest Products.) | 

“2q@ Preparation of hemicelluloses from eottonseed hulls, oat 
hulls, etce, and hydrolysie to simpler units, 





project, which ia of recent origin, has as its objects the determinstion 








" 


aN 
” iste, 
ee 

ee te 


ee 





yo a, 7 
on ine ward re aoe te eg faak aon yf " 


web ary ye 


SOL 





Th 








RE ys & <PSSpt 
+” 


xylose are as follows: 





7 Ps - 
7 ae ee a mae 
Li G Los 52 A2 oee VWMAA SS 





ee oe wey mA YS ont ee etal ts ie 
InLOBGS STO Some GUNer Saarcece ia; 


om ee £Y gore 
Ot VRB RAS Hemioes fas 





+4one lgahouseas. ’ te obtain homegenedna proaucte 





ie ‘i e 
fey 2 5 Ft 4 
FD aaah tee : 

















eae MER Reet Rh, 
BAN ied Fe as 





138 | 
a Shun. 


furfural and appear to have. promise as solvents, plasticizers, and 
wetting and cleansing agents. | 
_., 10. Use of furfural and its resinous derivatives to improve 
wetting power and adhesiveness of bitumen for mineral agsregates and 
soil in low-cost road construction. The results promise largely 
increased use of furfural. ... sla 
11. Fundamental chemical investigations on furfural and its 


derivatives. This field is under broad active investigation and 


includes studies on reduction, conversion to nitrogen-and oxygen- 
ring compounds, modification to acyclic aliphatic compounds, etc. 
SUGCESTED RESEARCH 





_ In the exploitation of hemicelluloses a comprehensive program 
would be required to secure the necessary fundamental and engineer- 
ing data. This would involve: . 

1. Isolation and comparison of hemicelluloses from differ- 
ent kinds of wastes ° Hemicelluloses from some other sources may 
have more valuable characteristics than those so far investigated. 

2. Purification and fractionation of hemicellulose and re- 
lated materials to obtain homogeneous products. This preliminary 
work will insure reproducibility of data and facilitate studies on. 
composition. Nera ue ah ites Archon 
3. Characterization and constitutional studies, applying 
chemical and physicochemical methods, Results obtained will 
suggest various rational attacks on the utilization problem. (See. 


also the section.on Cellulose under Cotton and Other Fiber Crops. ) | 
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“an ES 
43° Treble Bata BE the Chembeal opénevetescoe hemi eertas 
1oses. ie theiiimiaedenerataiasie spaPea; Ath cttbhasie” on nie” 
oxtdstdin and those Yeachtons; such as acetylation, wnethylation, © 
and M4tPation, whieh yielé products having about the same molecular 
wpledty as the geod material, This type of derivative may 








oe ery rod nee ye otited el L% bresemt plastics mate from fireraral 
“BL Dewellonment of methods for presartng hemicelinloses and 

e ertats IW 2 form guitsble for industrial utilisation. 

This work would dnclatic both smluseole end piloteplant studies on 
did! and, tn partidilar, “Gn new protessés for Hehfeebiilese preduetion 


% 4 5 Ae 








iimntPabtires These produste would be potontielyy usetur 6¢ they 
peed: yt lbargemty se eee 





the ost of xylode productién. Possible utilization of these strups 
os feeds or 4n thé fermentetion and tanming industries tg sugsested. 
7.89 gS Seaveh FoF new wade Lor Kyldsé, Oooo Les oo omnes. 
9) Pundanential ehemieal studfésy including ualitlentin of 
xylose to derivatives of possible industrial interest as, for example, 
hydrogenation to xylitol. | 








~ 26 «+ 
10. Investigations on the yields of arabinose and uronic 
acid fron hemicellwieses and -retated-matertalss Discovery of rich 
sources of these products should be followed by studies similar to 
those outlined for xylose. © 7 





22. Production of furfural from agricultural pte 65- 
— straws from wheat and other erains. 
12. Development of new methods for converting furfural into 
improved plagtic materiale. At present plastics made from furfiral 
suffer from the disadvantage 6f being dar colored. (See also 


Plastics in this section.) 


43. Practical investigations to find new uses for furfural 
and its derivatives. Employment: i ars ke Woe OE power 
for Diesel engines has been sucgested; however, at present price 
levels (about 9 Gael a pound) furfural cannot compete with the” 
common fuel oils. 

"24. Fundamental studies on the chemical processing of 
furfural, including hydrogenation (with the aim of producing 
polymethleneslycols having possible use in the plastic industries, ~ 
or longschained alebhols of possible value in the detergent 
industries), conversion by appropriate chemical treatment to un- 
saturated fatty acids that might prove useful to the paint and 


varnish industries, and modification to nitbogeh-rihg compounds 


for possible utilization as insecticides. 
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ively cuitivated for centuries. tn Contrast, 

tional ‘work on the production — 

- ern ‘Sit th the tinkted States, where only in 
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: . ais 7 
tecent ‘years tave there arisen a conselousness of and lara at 
the rate at whith our'seil is’ being destroyed. 
| * PRESEN? RBSEAROM 
“Ta addition to the practical type of couposbing carried 
OH at Bone Paras) Sone study th’ edng’ devoted to thie preblen at 
the State experizént stations, Investigations having only an 
indireet Bearing on composting, es for example, fundamental. 
eeregrat te ¢ orgenisns, are not included heres 
Studies now under way are?” wiih 
“Ly Invéstigations conducted on the use in comrosting of 
agricultural materials, such as straw, alfalfe roots and tops, — 
sweetelover bloom, roots, end tops, corn stover, and leaves, — 
-° 2¢ Investigations on the microbiological aspects of the 
decomposition of plant materials, the breakdow of isolated 
tnd bacteria, and the decmposttion of Lignin tn soil. 
“C2 7F*9, Studies on the’ treatment of strax left by the combine 
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o 2 ow 
ae ae 
Thia developwent will take place Dunlie,, no matter whet eventual 


Asters dene be 0 Rae puted, ote at jonitioew of Shen. 


quantities are » tor any given so: 
SiePratire snot ace cy Ni agennton ra dodmestnbetiens PIM Sor gan 
there is a minimum te orgenic matter that should gopplied 
died, “Te noel of puingoretine the arhigieiel samorte 
annually, probably in the form of compested or aintlarly treated 
with thopgerde Portiliawes, festiisty and ie the wows og 
materiais, 1f satisfactory and productivity are to be 
cow seotlone of the courtry, dheald ba emusidored, The. 
maintained, It is apparent, therefore, that research on com 
fortiliging @hledt nf the aroifielel wees oo. be Goherained 
posting is urgently needed and that it should be continuouse For 
by agromer se experimenting, & @eatesafai process should alee be 
‘satisfactory soil management large annual, amounts of organic 
arniieehle tothe wimabtancows vtdideation of slades aut cox 
material will always be needed, and it ig safe to aasune that many 
vow ular coment tae 
farm lends, particularly in the South, are now more urgently in 

| a. Swaliadtale Gompoeting by bin; trench, cod sheath 
need of such material than they would be after @ period of sound 
nobhots, Phtyareth trogen of fara wastes showlha be ¢ancogthed be 
management. Development of a satisfactory composting ‘technique 
there Yam our mebheds and the worcckie compored, porticularly frc 
ghould therefore receive primary consideration. Under ne circum 


the standpoint of tine raquilgwd, dost, and the walne of the fin 
stances and at no time should industrial ut utilisation of farm wa. wastes 


ayes in pg og 'yter reepareee ( Shs iene Me hi ue tae | scary 


wold be wntts gimilay to that ovbtlined for the oi het-plent ; 
organic constituents, Bach crop pay its debt to the soil. 


mpernti ond. 
‘ studies couprise: 
3 i Vive wWeiliges len ro the. geih. of ane reuigue (and 
» PLL operations, especially to develop mechanical 
ye Orves), with or poe gt tie Sinmitemmous ume of fered) ise, 
pliances to handle and mix farm wastes, and chenlcals to recess 


os wieoon of BOL were: * Teeb moet af iiwieak 
Sere aes ene es ae direct Taeklsa to 












( Peep; eee nw 
cob ae ether eouecer af og pr miter of verying oarvone 
to production of artificial manures, inclu liquid manures, 


Petts i She Bed rbenanes of soil orvanie metter under 
investigation, The optimu microbiological and chemical 
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a BO ae 
metérials should te determined) and optimin conditions of time, - . 
re, noleture, hydrogen-ton concentration, and oxygen — 
studied, The advisability of reinforeing the artificial manures 
gestern sections of the country, should be -eonatidavteds Phe sect va: 
Alising value of the artificial manures should be determined, 











‘by agroftomic @xperMinents, A gueeéssful process should alse be. 





ee b WeAMtsation of sludge and garbage 
lor (hy °SaLessale ¢omesting by bin, trench, and sheet - 
netheds, “Different types of fara wastes should be eonposted by 
thee vintchi nathodsand the results comarsd, parttovlanly tron 
the wbandpolnt of tthe required; Gost, and the value of the final 
products is terme of crop response, The generel type of study 
teen: similar to that outlined for the pilotepleant’) «- 


89g Divect utilisation in the soil of crop residue (and 








eticable nethod of utilizing cereal straws, corn stover, corn- 
‘obs, and other sources of organic matter of varying cartons — 
Witrogen ratios Yn the maintenance of soil organic matter under 


aifterent climatic conditions and in various types of soil should 
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‘erent farn wastes as sources 





ve determined, The value of the « 
of energy for free-living, nitro; 





through their stimilation of nitrogen fixation in soils should be- 
considered, Work should also be done on the efficient introduction 
of wastes into the soil by means of mechanical appliances, 

oo Oe Rundemental investigations on the Mélcocieal and chenteal — 
ghanges oceurring under the different systems of commostines and 

in sotls.to whieh various types of organic untter have been ated 
under different soil and elimati¢ conditions, The role played by 
the different micto-orcaniers or syabictic combinations of them in 
converting the ¢ellvlose, Mienin, and hemicellulose into hums, : 
and the optinun conditions for effecting these changes, should be 
studied): Inforantion on the relative importance of cellulose, 
heamteellulosé, ‘and lignin as hums formers should be secured, as 

it would bée of con#iderable importance 1h the restoration of — 
orginie natter te the gotl and fn the intellicent utilisation of 
these materials, Studies on the composition of the various kinds 
of Wumus and plant netrtents formed under different bioloctcal : 
conditions should be carried out, Possible decompesition or 
t-crdwth hormeries under composting conditions _ 
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| wper Pefiatance and thelr influences on the poyeiesl preperties of 
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. also the section of Calivioss under Cotten aid Other Fiber Crops 3 
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“ guccrsreD TWRSRARCH 
| “uch 0: of “the 2 technology 0} of goog waribeeed ed atvosturel ingula~ 
tien industry has been developed wnengprelatinee 5. and eh thong many problems 


have been solved there is roon for much tania research dealing with 


yea ay 


an munber of essential factors. Subjects suggested for study cay 


day edd 


a The effect of individual fiber characteristics : - length, 


strength, flexibility, ‘smoothness, fel ne ability, oa, upon the 


strength, stifiness, hardness, and other structural properties. _ Gee 


“on 


Be ‘Methoris ‘of ageregstion, axon as Bhaieciy 5 forming, and aaid~ 


ing, and ‘the effects of processing, such as cooking ‘and refining, 
‘wpon the strength, “stiftness, hardness, “and other structural proper- 


ties. “these studies should, of course, include nethods of prepara 


tion of the fiber as | wel as ‘the influence of agronomic varieties and 


condi tions of growth, harvesting, od storage. “(See also Pulping. J 


3 The relationship of thermal contuctivi ty to density, fiber 


a 


oie, structure, torn, ete. Under thermal conduetivity, . studies also 


should be Ancluded to prices sy om effect oF various ‘binders ‘ened in 


the block type of he ae ha ag well as the effects of B p-ncsrctini Vie 


bration, and settling on ‘the bat and fi tryeus 


ee rn sinilar bag etiitosn tn acoustic he giana such as 


P acpi ths fe 


sound sbsorption and d transnission, 1 with h density, fiber size, strveture, 


er ae grene 
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i ie investi gation of aa ei for waterproofing or impart- 


ing vapor resistance and their influence on the physical properties of 




















143 
building and insulating materials, especially as they affect the struc- 
tural applications, This study should inchie the efiect of moisture 
on physical properties. ur oem: bowivided for ddecueston dnt 

> -¢ Ge bevelopment,of methods for firepreofing fiber tanta eal 
materials ie,dack of resistance to-fires This feature should receive 
concerted. attention in order to develop chemical mtheds of treatment 
as well as methods involving mixtures with inorganic or inert binders. 
this, study should also include the effect of pane treatments on phy= 
Te Protection. of. oaliebdahianbiti shinier sible nitdaeaiinihs 
tacks Damage to ¢ omterials due to termite attack Js preva~ 
lent throughout a large part of the United States, el losses due to 
dry rot and various other forms of decay are practically as widespread. 
cooton Se Development..of new.structuralshapes.and products, euch as. 
treatuents to provide special properties for specific usese 
(io Sa Tavestigation of thetoxic effects of any proposed or de. 
veloped: treatments ma of the cheaper types ef paper and bord. 
10. Simple processing. to sake bullding materials on farms, for — 
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-oble Investigation of the possible use of straws or other agricul- 
” me _wastes in connection with nonagrieultural materials to produce 
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wheehien of tek cad “ROMY ERAT OO Boe 
ors \ Gurvenb etudies on pulping can be divided for discussion into 
tad graipss ‘In studies of the first group efforts are beiny directed 
urgely:toward the production of utilisable pulps for paper, board, 
or gimilar usess In those of the second group efforte are being di~ 
xected toward the production of highly purified cellulose for use as 
& row material for cellulose derivatives, such as cellulose acetate, 
eellulose nitrate, and rayon. In other words, one group concerns the 
peothichien af: purified oslinbais té be used chentoally,’” (vor ‘oledely-- 
related work tn other fields, see the sections on Forest Products and 
‘) «ou Perhaps “the most extensive work on pulping of acrieulturs) — 
able work has also been done on cornstalks because of the immense 
mills eliminates cost of collection, The work on straws has been di~ 
straw-containing board totaled more than 1,000,000 tons, valued at 
.more than $39,000,000, These fisures show clearly the possibilities — 
for research’ along these Lines, “Studies on the utilisation of corm — = 
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stalke and begassé for paper asking have been directed minly toward. 
‘the production of book and writing papers because of specific charac- | 
teristic of the fiber. ‘Some research work has been done oa pulping | 
stein af cen inte peregenp- at eter, boltnt te SaetacAE | 
ide ALL the usual pulping procedures have been studied ab one 
time o another, the resdarch having os its object muinly the adaptas 
thon of stad familia process to the partioular waste under investi~ - 
. o Ab present the mitetic acid provesy forthe production of alpha- 
colluldse from agricultural wastes.is receiving considerable attention. 
in view of the bulky nature of agricultural wastes and the necessity” | 
for using Ierpe volumes of pulping liquors, Research work is also be- 
ing donb, oe‘other prising procedures, Ancludinig the woday suilzhitey | 
seeped SUGGESTED RESEARCH | 
In spite of the substantial anount of current work, the prot 
—— ems!of pulping are far from solvedy “Satiefactory pulps have been! pre | 
expe al. y pub have not. reached competitive comercial nro | 
“Aiton: thd tchoating dtedking tei: yolp inj have: vee wepgentiedy 








a the nitrite acid process for pulping agricultural wastes. 
This is essentially a two-stage process in which the prelizinary treat— 
9 tie soda, the ovectes of this process will depend largely upon the | 
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foxide a oe Ao tenen Ue s bi ‘Snow to make Tako tf an mae | 
“Fate het ninanoet proceeben Fieve have be Ma pee tae CA | 
“4S enable investigations are enlarged or pilot~plant work is begun. 


enable the farmer vag make his own fuel gas economically. As in 
Ge Studies te adapt present manufacturing processes to fibers 
ali processes baged on the action of “loro-erganiams, conditions must 
and pulps from agricultural wastes. It is quite likely that the fibers 
be carefully controlled, the proper nutrients for growth must be sup~ f 
and pulps produced from agricultmral wastes may differ in one or more 
plied, and retarding ox interfering influences must be elind nated. i 
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characteristi es from the ‘fibers and pulps now used. “this project 


“should freiude. studies on paper and board forning, “any tiig > waterproof- 
ing, ‘sisting ; “ipistlee.” ‘colons’ ‘and laminating; on machine ‘methods 
er Matertater and on the vse éf fillers and binders. ork on acety- 


lation, nitration, “Gatert A cation, and other chemical treatments of 
cellulose is needed. (this ts mre toll? discussed in the section 
on cetinione’ ‘unier Gotton ‘and Other Plber Crops. ) 

ye study of the constituents of waste Liquors from the differ- 


ee eeigthe prosesaes, ; ai th a view to. their utilization. — (For special 
consideration of these projects refer t6 the section neue specifi- 
cally with p Lignin a ant heniceliuioses in this section.) 





“PRESENT RESPARCH 
In the natural processes of decay biochemical action plays an 


important ‘role, Thia is nature's way of reducing the products of 


growth to simpler units for use in the growth of suseesaing crops. 


: Research projects cea way ‘dn this field are: 


ie “The ‘production of gases by the anaerobic (thermophilic > me~ 
sophilie, ete.) break-down of fibrous agricultural wastes. These” 


3 gases dontaie considerable Patek ox of methane, Goadvegen” » and carbon 
dioxide Pel tava a calorific value high enough to make them useful as 


: fuel. “These cst yrecennet ane not yet been developed sufficient— 


ly to erable the farner to make pg om ued gas peopenidelis. As in 


all processes based on “the action of nicroworganions, conditions must — 


be carefully ¢ controled, ‘the proper ‘actelente ‘for growth, ‘muat be sup= 


Same i". 9 
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2. Studies to produce pulpp.ervether utiligable residues by 
means of anaerobie fermentations These have not been successful be- 
cause the eellulese and hemicclinleses of the wastes are attacked more. 
reaiily than the lignin portions. Hence, the principal purpose of the 
SUGGES TaD RESHARGH. 
(The following studies have been sugvesteds _ 
le, Investigations on conditions necessary for the production of | 
fuel: gas shevld be continued and expanded, ..- 4 6 siies os. © 
Re Investigation on the factors controlling variations in the 





‘ratios of the different gases produced, it would probably be desirable 


at time +o, preduce intreased percentages of one or more components at 
the expanse of the ethers, and if the conditions favoring the desired 
results were known the process would bave greater value. . 

. Be Exhaustive studies to deternine whether products can, be made 


which are different from those made at present. Thais possibility would 


hw homtady. 08, orgnaane- or groupe of. cresatane, other than those 
now used in an effort to find straing that will be able to act more ef- 
avert ch require less control or supervision, or need less ferment; 

Se Investigation of ct possible use of the caseous preducts of 
fermentation for other than fuel purposes. — 

Se Investigation of the residues from these: fermentations as a 
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of recent west on wood. wastes. ae metheds used in 


tien ae ee 
that oosareh newe been found udardy adaptable to work on agri- 
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cultural wastes A Mnited amount of work 0 now in progress an the 
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ig Yeade 4 in this field. ‘This research consists oft. 

— ha paves of eathede of aad hydrelysis of ietienituie’ wastes, 
foltowed dy washing, drying, and powlering the hyurolysed material and 
aixing 1% with chanical auch as srountic axinos ani aldehydes», _Prac~ 
See ere a eer meen baen dene, P 


on 2. ad. atudiog cn the develapnent, of . : the molding and curing 


ot * fe® Se ceRey 





ne Ree. 


‘tie 


S. ixploratary work on naterials suitable for iaskstiieee, 
“de Stusies of otter nethods of hydrolysis, such a3 alkaline 
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treatnontse J sing with gree: scares such as phenol, aniline, ane 


pcr) a ¥i as ke Sm <ul oe % 


furfural, instead of hydrolysis, 4s also receiving attention. 


eee SLT MA 


| By A study of the effect on aolding behaviar and strength of 


pay path pay May “ae " a Se eh ee Ss 


the addition of Lignin to hydrolyzed Berdgulturel wastes. — 
G. studios: on Lignin Ateclt, tn addition te the work on Ligain- 
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shingles and siding, and possibly in furniture parts and other arti- 
cles. The following studics on this project have been suggested; 
2. Fundamental research on the chemical reaction that occurs. 
when hydrolyzed fibrous materials are molded in the presence of aro- 
matic amines, aldehydes, a 





ad other chemicals Which cause or promote 
plastic formation. : : 

2. A contemporary and related study on plasticizing agents 
and methods. 

“3. Pundamental studies (based on the findings under (1) and (2)) 


on the agricultural wastes in order to develop methods for producing 
the modifications found to produce the best molding powders. 


* 4, A study of other methods of hydrolysis and other chenical 


‘methods of treating the wastes for the purpose of improving the struc- 
“‘$ural and decorative properties of the plastics and lowering the cost 


of the finished articles to the consumer. 


5, The development of molding processes wich would lend them- 


selves to efficient production methods so that the low cost of the saw 
“material would not be offset by excessive fabrication costs, ©. 


6. Studies on lignin plastics. Although lignin is an important 
component of plastics made from hydrolysed fibrous wastes, concurrent 
research, similar to the afore mentioned, should be con@ucted on lignin 
plasties themselves. (See the section on Lignin in this petitan)) 

“7, Studdes ‘on molding compounds from hydrolyzed or otherwise 
treated fibrous ‘wastes to which lignin derived as a by-product from 


other processes has been added. 
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he destructive Gistillation of wood has been carried on Lor 
ino yeas. At one time it was prattically the only method for pro~ 
ducing tertain products, notably methanol or wood slechol. As a ré- 
sult of the intrdéduction of synthetic methanel and economfe conditions 
affecting the industry, many of the wotdedistillation plants have been 
Closed, “This situation has not encouraged research work of the de~ 
structive distillation of agricultural products, which would aaumed 
Supply products sintlar to thosd derived fren weed, © 
P llowever, some studies ve recently been made on the “‘produetion 
of gasadile fells, chbiichis, oils, tars, solvents, and carbon vestdues 
by PyPolywis 6f acHicititural ‘mabtes.” The products Lave preater value 
thin the original wastes, and they are in better form for comercial 
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Some ‘of the Lines of research that should be followed in a study 
of the’ beste ons ‘of ngriciltural wastes @re*ss follows: ~~ ° 
ante work on the effects on yields of different pro 
ducts of ehiames inthe conditions of destructive distillation, includ- 





ing temperature, pressure, and casposition of the gases in the pyrol»~ 


sis zone, 
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Gunsideration should be given to the redesigning at intemal. ‘combustion 


materiais in finely divide’ or Cleiias fee, See ap é 
engines to t most efficient use of the new fuel, imock charae~ 
would negu s only relatively ra eT es “2 eR etRes. TS. @ 
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require large pio 

. Interest in the miscell: 
seriow study so thet ary hens of sxieecsk wee Meals 
centered about outlets. in whieh the wastes are used a2 such or in 
for these uses might be . pipe mus Noni ewes Way (ee iien. 
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ODRESTI? RESTARCH at See kk he ee 
There has been active interest in other uses for wastes. 
In many of these fields some investigation is actively under way: 
in others there have been only superficial trials. These uBes are: 
Fillers for plastics and rubber; briquatted fuels; poultry litter 
and animal beddings carriers and diluents for poisons in the prenara- 
tion of insecticidal dusts; agricultural milch; and uses for watéer- 
goluble knd other extractives; ther miscellaneous uses, such as ab- 
rout ‘for nitroglyeerine tn the manufacture of Spout ta, moisture - 
eleaisenns ‘hs curing ef concrete roads, and sary similar Uses. 
NES ESSOESTED RESTARCH go sit 

“” Some lines of research on miscellaneous uses be"agricctturer 
waste materials might prove profitable, for example, wade for con sa 
haterials in finely divided or flourlike form. Some of these uses 
would require only relatively small quantities of materials, tut a 
number of oan small items might add up to an impressive total. , 
Other uses, rein as for fillers in plastics, for agricultural mich-- 
ing, and for composting (see Gaapeate in this section) also might 
require large quantities. This entire’ ‘subject bhould receive very 
serious study 50 ‘that any advantage of neSpiinercsiagn waste materials 
for weak uses ‘might ‘be discovered and ways ‘of overcoming the dise 
advantages be Soveloved. “Specific suggested studies ares 

“1. /A study of the possible use of agricultural wantes 43 

fillers for plastics and rubber. Materials used for this gorpesn must 


meet a number of requirements relating to molding and curing qualities 


and properties of the finished articles including density, strength, 


dona ,20%: eroenslfeoe 
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: ince to water and chemicals. Agricultural waste na~ 
“Boundanl anc usually @vailable at eufficiently low cost to 
attract’ attention for such uses, but they have not been used extensive 
a bepaep af detictengy imam oy eere: of the require 
work should ve undertaken whth the: Ooject of overcoming these defi-~ 
glenei@m wold or becterial growth L6 Stes 











(5) es 2.).Studieown briguetting the various agricultural wastes, 


either by themselves er in combination with other materials, such as 
tions, te form lowcost and dnsttectataguneek’ fuels, 

(Be An investigation on the possibility of pressing tertiles: 
mate inte formed uasses less dense than briquettes, whieh ean be 
wadé onvtha farmifor use there,*or used locally fer fuel or for other 
PUrpCsese 

4d, Study on the use of agricultural wastes as poultry litter 
and animal bedding, These materials are now used for these purposes 
on almost all farms, and iuprovenents in these practices should be pos~ 
sible through research. Apprecisble expansion in the anounts of agri- 
evi wastes used for such purposes, however, appears to be less 
likely than in some other lines. 

Se Study of the use of agricultural wastes as diluents ond 
spreading agents for insecticides and other poisons used in agricul 
tural work, Finely divided agricultural wastes have found acceptance 
for this purpose, and their use might be increased sinh eiditional 
researche | | : | 
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owe othe tera fiber enegs" as uged in ‘thie mepar’. dees not sever 
the entire fleld of fibers of, yogetaule origin, bubis cons 
such fibrows materiale as cotton, Dax, hem, ramble, broosar 
Yanile hewp, henequiay sud sisale Wood -iber is separately treated in 
roduets, and such other sources of Siber as the 
and bagasse are ingluled in the seetion.on 
nenehepc beta Mantes. In apite of this division, the chauist recog= 
Llarlty aweng all of these waterials; they are, 
in shorb, the, ecliviesiastivers, and wany of their important proper-. 
ties axe the properties of celluloses; even though eellulose may be a. 
minor constituents In view of thie Aaportant likeness, and the influ- 
emge welch it.has nad on the planing of research projects, the next. 
gection concerns fundamental research on cellulose iteclf, 

_ The Liver ereps of the United States, as ilsted above, fali in- 
ve two goneral clasees - texbiies and non-textites. Only one srep in 
es eee eee lavier ~ da of 
simmifioant and widespread lapertence (reala comsercial standpoint. 
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willion delaras while the fara valve of Qroomera mas about 3.5. 
ail2i¢n dallarse,: (thar texiile.Jiver exops - axony (om Liber clax, 
hemp, and rauke— are being grown.only experimentally or ia quantities 
of only afew dundned tons. ligwever, these less important, fiber crops 
are of interest beeause they represent potential substitutes for the 
sane or similar fibers now imported into the United States, 
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hemp, and raulee nine tea Wake et mie domentte crop ef cotton han 
o Add ot the silicy fobep tania lieiiyy henequiry uma anc other 
rari, dibenantcmavananirditenl the, flax, hetpy ang remic were ia~ 
porteds) In about bal’ of the wool (largely @ carpet wool of 
lower average quality than our dowesticasty , WOOL), aboub 3. 
percent of the cotton,,and aaall quantities. ei the rayon were import— 
@lroagh 1029, cash farn inddae fran ’the sale of cotton and eattonsucd 
alaade tibers sigortet inte. tue United States in 1937, rew 
sa. s6dibleas be 10 9 midasen dollars, worth of silk in various stages 






te Sila Anaad alow os 









debits out ing imported into 
she. alli stntes sntashestite ti purlaps « | 








walle jute, burlaps, bags, ete, were valued at about 59 olilica — 





net, og 


- Plax, hemp, auc racle ilbers, woolly in sanuiactured fora, 


a ee 


St ay 5 ay 7 7 & aM TS as aes y SE terre. ot , a Hy % rf owe sage’ oe oa ee -_—" hy sancti 
Be, ASO ar Lemercany dormestis CPOs LE TM OR ey a same he 


















































pad iM “d “i 
= au ee ake 
N" ? ng ey 





oa ead ap 3 


Tha 


i “< iy tie yal at ‘and other hat 
Mifed) were values ‘ad nearly $8 tlion ‘ao 
pa 7: jad a. yelus of 17 willtos. 





ie tase 


aa gesduction (See mp, $6162 )e In 
sated, satton is of foremost importance to 
wellbeing of te, dibs 


the seven mont Laportant ciber ‘erep of the United secheec is gore 





vay oe rd 


ted with the center of Tpaddation in the Gklahowa panhandle. 
: Bene See mar tap Somer eres “ter now prectuged-encky tread 


ries £ 


ae 


far 


cotton 


Li. 


3G BPS 


Dre 


wither a Tay ; 





factures had a declared valus of about 





£33) 
alias 


quae, most aa: the crop being raised in tusnoigtn. Piber.flax 
protvetion te confined to thé Wiianetts Yelley of Groen and to seall 


st Seam a 
» Grown only experiamtally in this omy: 














sf MORN 


Tablet 
eee ae 


mito: “incone from cotton 
ae mind nubticnsesd 


seman: : uaERENE 


é Ls 


— froma covten lint and sitesinsill 
hE ; , 


JUNLINDINOV JO LNAWLYVaaa ‘Ss ‘Nn 





AVexazes 


faa aa Oe “| 





e ee 


Oe ; ‘ sereeert | 7 abs? BO ea. ISS i 


7 


1,180,556 


i ¥yd iy P| 


SISVa are 


1,415,749 .. 


S¥IPE “DIN 


193 
i9z 
1997 / 


© 


SOINONOD] TVYNLINDISY AO NVAUNS 


Y/ Figures for cotton lint are preliuinary, 





wane 
A Nagai 


iii 3 3 
iy PR 
ain me 


uaa si ate: 
es ke 


ey ft 


a 
i ip 
Y Loh 


aN) 
Bieta! 


ih 
ch Pb 
At 





FARM INCOME FROM COTTON, UNITED STATES, 1910-37 
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Cotton is the wank cash erop of the United States. it has 
ated been for many years our most important export crop. The region 
of production - the Cotton Belt — extends broadly from the Garcolinas 
westward through the sreater part of Texas and Oklahoma. Considera- 


ble puneti tier of cotton are grown under irrigation in < aieie 


ee: ees : 











ie Cotton Belt. These 
MEADS 

: h donee ic growers have re- 
| for one year's cotton 


During the 





depth of th , <a however, i. income dropped below 
500 mf1ion Piers. From 1920 to 1929 tn weeraie was about 1,400 
midi bn dollars, but since 1929 the cash income from cotton and cot— 
toudebh/ (anabuitive of Government payments) has averaged just over 
700 million dollars and has not risen again to the billion-dollar 
mark. ‘During the last 10 years, egy farm income from cotton 
ond Wakevheuns in the 10 principal peli abouts States accounted 
for about 50 percent of the total cash income to farmers of those 
States from all crops and livestock combined. In Mississippi the 
_— return from cotton was as high as 75 | of the total. 
Cotton ovebbebton in the United States has fluctuated con— 


siderably from year to year, but until about the time of the World 
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War the trend was always sherply upward. _ The ravages of the boll 
weevil, which became very severe at. that time, curtailed production 
sharply for several years, but the subsequent, recovery carried aver— 
age prodtietion during the 5 yeare ended with 1929 to a level higher _ 
than during any previous 5-year period. Since 1933, acreage and pro- 
duction have been influenced by the reduction programs of the Agri- 
cultural Adjustment Administration... ’ | 

Over the last 25 years this country has been accustomed to 
harvest 27 to 45 million acres,of cotton, The crop during this 
period has ranged from about § million to nearly 19 million palin, 
the latter in 1937. The production of cottonseed has been Lekennss 
3.5 million and 8.5 million tons. = 

fexas is the leading producing State, with an average ssessils 
output for ‘the l0-<year period 1927-360f about 4 million bales. The 
other leading States are Mississippi, Arkansas, Alabama, Georgia, 
Oklahoma, South Carolina, Louisiana, and North Carolinas | 

The cotton-growing industry had its beginning in what iw now 

the eastern part of the Cotton Belt, but the expansion westward was 
rapid, and by 1900 Texas alone was producing about one-third of the 
total. On a percentage basis this general westward trend continued 
until 1933, when the five States, Texas, Oklahoma, New Mexico, 
Arizona, and California, punmneet. Ab percent of the. total, Since 
1933, however, the average annual share of the western eres has been 
only about 35 percent. 
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Shifts ain acreage from east to lo were caused primarily by 
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bell weevil infestations » which were mach more disastrous in the 





eastern and central. farts of bhe Cotton Be 


oy differences fc ‘relative advantages tn ~egtton production . ee 

thers were side. other Tabtors, a od the relative prices of ‘cotton 

and alternative crops “Tithe older areas and the desire for. hana, 

omtiership and the opportuntttte Presented in the newer areas. * The 
net. anqpensas and : ial th Tatton acreages that took place be- 

| tween! 1909 and 1929, and acs percentace of the annval erop grow in 


the western area fron 2 1900. to ‘1936. are- shown on the ° accompanying maps 


and charts | ae 
vested in ‘the fall. | Most is the eran rol rey and sold dating 
Octobery Hovenber, and cnaeuleae Th Host-cases_ farmers have their . 


tae 


ae 


10 years Slab ‘cotton has escorted ter Gecninatey 88 percent at 

_ the cash iheone rece;ved by farners.for *Keir cotton crops. 

From the gin the grenet 3» nart “oF the a nt cotton poes FAE@ 

' the warehouses Of aaa ‘and cotton ae. “Prog, these - it is. with- 
drawn as needed for domestic consumption or export. } \ Usually sone 
cotton is held by growers in the hope of bbtaining better prides: a 


a later. date,-and within recent years the at han taken OF 





several million bales,in storage on loans. 
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Hormaiiy, more than hale of the uM nt rn om prodheog: in the 
United Btates is exported to foret en countries. An ‘sen of the sige 
ane ‘tren of this export trade nay ‘be ve) briefly. 
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— ve B42 aastapy vale ipsa, A: Fipat egtabii ahed in the 

United states, about 1800, cotton fabrics Ai ar jaaed nainly, for. SLoth— 
ing and household furnishings. Daring recent years, an average of | 
only about 60 percent of the eotton fabrics produced « mee going into 
clothing and household furnishings, while mat as called "industrial" 
uses account for the renainding 40 varices 1 ds significant that 
‘ihe quantity of cotton consumed a mart aaturs ake all _‘ypes. of 
fabrics is very closely associated with general industrial activity 
throughout ¢ She aren (A Then the country as # whole is busy and — 
prosperous, “cotton is ‘consuxed in large quantities RA clothing, 
household £ furnishings, and industrial -PUERGROR but when industrial 
activity is restricted and consumer income is lam, the Consumption 
bint cotton ts adversely affected, $ wat 

rf “While cottonseed, except sor planting purposes, was 3 total 
waste only a few generat ons aco, it has an resent year, provided. | 
cotton farners with an anmal Sash return of 40 milion $0 more than 
160 million dollars. Cottonsees now ranks about tenth or eleventh 
in farn income si all Hoe crops in the United States. 

| Shem the ay“ ge tow! oil Baers phey, are run Pbrough, machinery 
shat renoves ‘the Linters or rape tes fibers wich adhere a the seed 
after ainmings The seeds are ‘then ereehed to yield, ofl, _cake and 2 
neal, and holles Linters “are used principally a as a padding naterial 
for + bedding, nattresses, furniture, Lewd Et pig bi fn wont. An recent _ 


years large bene | vad jae get grades os Linters have. been used 
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as a source of cellulose compounds. The oil, which is by far the most 


important cottonseed product, goes principaily into vegetable shorten- 
ings, margarine, soaps, and paints, and into the manufacture of arti- 
ficial leather. . Cake and meal are used mostiy for stoek feed. The 
hulls also are used in steck feed, and to some extent as a packing 
and stuffing material. — 

. The case of lint cotton doubtless presents the main acute 
large-scale surplus. preblem in the country. The restriction of pro- 
duction in the United States during the last few years, tosether with 
@ uarked recovery:in world economic conditions, reduced the world 
carry~over of American cotton from 13.3 million bales in192 to 6.2 
million bales in\1937.°."But the record crop of 1937-35 and a marked 
recession in business conditions resulted in a new record high carry- 
over.of' 13.7 million bales of American cotton on August 1, 1936. | 
This carry~over, even with the comparatively small 1938 crop, sives 
a supply of American cotton for the current season of between two 
and twor~and~a-half times. as large as the season's probable consump- 

Beenden the fact that more than 10 million bales of the 
1933-39. world supply of United States cotton is being withheld from 
regular marketing channels by the Federal Government, cotton is sell- 
ing for exceptionally low prices. In fact, the average price of 
Middling '7/S-inch cotton in domestic markets during the first 4 months 


of the present marketing season was nearly three-fifths below the 
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=e 174 
average for tthe- decade of the 1920's, and whl ihe a of 1931 
and 1932 was the. Jowest. for any corresponding period since the. out- 
break of the Sorta. var. The following chart. shows the trend of 
prices: from Augast 1917 to August 1933. 

Many factors have contributed to the. present extremely x un 
tevorstilg ‘cotton situation. fo a large extent; however, it has grown 
out of the reduced foreign demand for United States cotton resulting 
from such factors as increased production of foreign eotton, increased 
international. trade restrictions, and enforeed as well as voluntary 
substitution of. rayon for cotton in many foreign countries. The in- 
creaséd, competition from rayon in the domestic market has also been 
of conbliersbie importance. : 

~ During each of the last 3 yaw 5 “the production of commercial 
cotton tn foret in ‘ookaharties has beqni 46 ~ 19 million bales, compared 
with an average of a little leas ‘tian 9.5 million bales in the decade 


of the 20%8. “The | accom “ ariy ir ie graph shows the relation of United 





States progustton to coral wordd production since 1891. The world 


produetiion of ayon- ais haan ee “wey marked upward trend since be- 


fore: +8 World War, but during the 1920's the average annual produc- 
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tion nountod to only - 400,000 equivalent bales of 478 pounds. In 
1997 the octvalent, of shout 4 million bales was produced. 


The Re RE By ‘aieDpion 4a not nearly so unfavorable as is 
itd 


the situation with respect to lint cotton, although cprtonseed prices 


during recent. months have > aveFaged about one-third less then in 
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Uke Ge " Si as | 
sedahaiieet hie sagch at even though “both prices of an income from cotton 
and, cottonseed were - equal to those of the 1920's, there would atid 
be great, a for undertaking additi onal yeasareh eed to inerease 
the income and | welfare © of southern farmers. Even in the ‘5 years . 
1924-28, ‘the annual cash fara ineone fron ‘all farn predeets sold plus 
the value of farn comodities ‘eonsuned in fara hougihelde in ike 10 
major cottonprodueting States averaged only sss per “‘eapita of fard 
population. This was less than halt as large as for ‘the ‘renainder of 
we United States. During this Soyer per od, ‘the ‘ten tarde tron : 
cotton and cottonseed accounted for 57 pereent ‘ef the averace cash : 
income per - person on ferns tn the 10 na jor cottonproducing States. | 
si During recent years ‘cottonseed has accounted for Onin fonceth 
ae one-seventh of ee ‘otal, Porgy a of ‘ahs | crop. oe a more com 
Sioa statement of the economic ret itat of cottonseed, as weli as 
for the present and suggested research on the seed, oil, and cake, 


see the ae on Poey Seeds and Bogus ts78 
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ooo ey; Biber obtained: from the cotton plant is of two distinct types, 
(3) eabten{Lint, ‘comptsed of *the lonzer fibers separated from the 
seed at the gin, and’ (2) cotten linters composed of the shorter fibers 
venaining 6n the seed after winning arid later removed with varying 
degrees ‘of completeriess ‘by special machinery at the cotton-seed oil 
mills,*.More ‘than'98 percent of the Lint cotton is spun into yarns, 
whereas only a very. small sroportion ‘of the linters is spun. In 
this country, uidre thanhalf the linters is used in batting, wadding, 
mattress felts, and other padding materials, but most of the exported 
inters; whichvhas been around 15 te 20 percent of the total domestic 
supply during recent years, is reported to co into chemical uses. 


The proportion of linters to lint, by weisht, seldom exceeds one to 


tene Oy ° Piginewsings 





scones \BreeGing’ and genetic repearches to develop varieties and 
strains high ‘in yielding capacity, of fiber length and quality satis- — 
factory for specified uses, resistant to diseases, insects, and other 


| fattors~adversely influencing yield and quality, and best adapted to 


the:vartous sée¢tions: of the ¢etton—producing area. Specific objectives 
include greaterpouniformity of Tiber properties, production of cotton 
with seed of a higher oil “eontent, improved adaptability for mechanical 


harvesting, and suitability for specific uses such as automobile tires. 
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an  #G 
roger & number of studies. in morphology, and developmental. 
anatomy, such as an investigation of the causes of immature fiber 
and other fiber imperfections, | 
3... Studies of the most important pests and diseases, includ~ 
ing the boll weevil, bollworm, root rot, and cotton wilt. 

«y deo The relationship ef yield to quality (length, fineness, 
strength, ete.) and the influence of soil, irrigation, fertilization, 
type of culture, climate, and other environmental factors upon both 
yield and quality. Other points being studied are the dependence of 
fiber qualities on the density of growth of the fiber on the seed, . 
and the influence of soil and stage of growth on the chemical. . 
composition of thei plant. Hydroponics is receiving some attention. 

5. Studies of methods designed to lower the cost of production. 
Gero Engineering studies on the development of cotton production 


machinery, especially of a setisfactory harvesting machine. 





7. Intensive and extensive research’ on ginning machinery and 
methods of operation with the purpose of obtaining more efficient and 
economic: handling and ginning of seed cotton, of minimizing damage to 
tre lint, and of securing: a superier, preparation. These investigations 
incl ude research on both saw sant roller gins and on. improvements in 
cleaning, extracting, and drying equipment. 





8. Intensive research on the physical properties of cotton 
fibers' and the relation of these properties to cotton utility. Among - 
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the prenerties zeceiving abteptian.oxe ogler, length, finensas, 
maturity, strength, adsorptivity, and elasticity. Special studies 
are being made ot the relations between the fiber oroperties and 
their cell wal and cross-sectional structure. iuch of this research 
de bebe teri ed. oe Wilt rstaceler. tc. enkbtag. ue Bey and dnprowed 
quality standards for raw cotton. Further reference to work of this 


nature will be found in the paragraph on Testing and Standardization 


anc in the section on Fundamental Cellulose. 





_Jamites studies sexical.) to -aareiag shialiies new machinery 
snd methods fop_cogeeering cotton inte varme and fabrics. owt of 
the research in this field is confined to improvements in existing 
machinery and in the technique of manufacture. All such work ie ained 


toward lowering the cost of manufacture or improving the quality of 


the product, or both. 





one Werk in developing new and improved yarns and fabrics. The 
results of research along this line is typified by the new clothing 
and househole fabrics that are brought on the market each year, by new 
types of fabric for automobile tires, anc by various innovations in 
bags for packaging merchandise. Specific examples are men's cotton 
SLEGUE EE UREN. WE anGeP RTD. baat, fox peckaging Lealte and veges 
tables, cotton bageing for covering cotton bales, cotton fabries for 
reenforcing bituminous-surfgced roads, and cotton, mats for curing 
eonanete- , RAGOMNah ge mame gugh Labels does net end mith. the. develgr- 


ment of the fabric, but often continues with the purpose of further 
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improving the Cte of, the fabric or else in reducing the cost 
of marmfactures , the results of commercial, tests indicate the de- 
sirability for. further works 

Research now,.in progress, on the development. of new and in-. 
proved cotton yarns and fabrics.is conveniently classified.under the. 
following headings: _ 

10,. Industrial fabrics... Approximately 49 percent of all the 
cotton. consumed in. the United States each year coes into industrial 
fabrics. _ Specific objects of research in this field include a cotton 
twine suitable for tying letters and parcels in connection with the 
handling of mails a more durable cotion tire fabric, especially for 
use in high-speed, heavy duty truck and bus service; various types 
of cotton bagging for covering cotton bales, cotton bags for packag~ 
ing certain agricultural comodities not now hendled in cotton bags; 


| cotton fabrics for reenforcing bituxinous-surfaced roads, cotton mats 


for curing concrete, and fabrics for use in preventing erosion on 


seeded slopes; cotton shroud cords fer parachutes, to replace those 


TE AAO, AN oh Ue 

ouatthe,. Clothing and household fabrics. Approximately 60 per~ 
cent of the cotton consumed in the United States goes into clothing 
and household fabrics,. with clothing alone accounting for about 40 
Research in this field 





percent, or about the same as industrial uses. 
is concerned mostly with. the development of special yarns and weaves, 
either of cotton.alone or of cotton mixed with other fibers. New. 
types of. cotton hosiery, underwear, curtains, and summer clothing are 
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typical éxamples of Sbjédts of research in thie flea.” 
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Finishes and treatments for cotton textiles may be divided. 


“into two main élasses — those which are applied during intermediate 
“gtages of the manufacturing brocess to facilitate processing or hand- 
Bcra and those which abe applied to finished yarns and fabries for 
“the purpose of altering their natural properties for sbecific uses.” 
“Heseardh in sropvéss on treatuerts OF the Trt type is concerned . 
"dainty with Virtous ty pee 6? Htdrches tised’ ae wird ny yarts preparatory 
aa weaving, but there is also some work béing done with other sizing 


“material. Gelatine and other proteins are among those now being 


"Research ‘on finishes of the “setond type is quite varied. lost 


“of the new and improved finishes on wiich work is being done may be*, 
“elassified as follows: 


"22, “Mercerization, specifically the use of euprammonium or 


to mereérization of fabrics consisting of mixed fibers; and change in 


“composition of the fiber during mercerization. 


13. Permanent shrinking of cotton fabrics, either by chemical 


“or mechanical treatment, or some combination of the two, with the. 


particular aim of finding less expensive methods than those now used. 


“aL. New and more efficient’ methods of waterproofing, among the 


‘particular materials under investigation for this purpose being grease, 
"ofl, wax, heavy metal soaps, tar, asphalt, rubber, varnish, painty 


*“ Jacquer, and resins, 
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15. Finishes val special applicability to ssbpiaged and 
household Fiericn, rd as "these designated tO improve ‘the hand and 
draping ‘properties, to inezease resistance ks creasing pi soiling, 
to improve the luéter, ‘ana os provide fabrics with greater stitt- 
ness ‘for ‘certain uses. we atl ‘associated with the printing and 
dyeing of ‘Sebton’ Patrlons of parenount ‘inpertance i tee field, are 
receiving a 2 great deal of of attention. “ee present, ‘at of the research 
Hong these ‘Vines makes use of such Stetaneee as as "eaetorincanyae, | 


vinyl and acrylate Sneeing, phetein peg starch sizes, ceilulose ethers 


and. esters, Selliulose ne and hips scids ippinaed Ladera 


rere 


ply ie 


nydrocdttulsse). 
| fe. serie. cous Finishes nnd troatusnte. In addition te 
), 9 work referred to above, research is also being done on finishes to 
inerease the resistance of cotton fabrics to the action of fire, acids, 


ideve~dreirdeas,: ‘and Udit, ia ‘bo improve the adsorptive properties 


vas Cee ined. = 





quantity, eng, soaidiy At Ges eae oe Cea, Getndde  Adferds 
dia SRR LAR OS Per? faa iss fabrics. “A HT the 
correlation of ‘physieal and dlemical tests on cotton with we spinning 
SP, Vie QR PEE SEES, Bs GEAR ie Vavric 
ig Uéitig ‘studied. Rapid methods are béing ‘soucht for the determination 
and sdadsurenént of thé qualities of raw cotton. “Particular tests being 
FORA iP EE UAE Bee dk RR Aon, 
DePGEHE oe TONSR LN VitaDitty? Fineness, Length, ‘maturity, vartadion 


§ s of these properties, fluidity in cuprammonium solution, luster, dielectric 
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Pale 
akciahonmil Recah gat Shegtrieal properties, resistance to dyeing, 
bleaching, preoxidation, alkali solubility, SORRSE number, and. 
secplerated acing, .fhe peliebitity, and, speed of apinaing teste are 
being increased, The use of X-rays as. nethod of measuring the. 
strength of raw cotton is being investigated. | The identification 
of fibers in fabries is alse a subject of auch interest. . Specific 
sen in this line includes the use of fluorescence as an aid and the 


development of a satisfactory microtome, 





+f Studies C8 he CEOMERS Hk S.OF ae SEERA Wee, 
total and per, capita consumption of American cotton and of competing 
growths and Beer fibers. AMentton is being given to factors 
operating in forelgn, narkets as well as to those which apply espece 
dally in Semeeniy markets. Studies more basic than these to an 
understanding of the utiiization of cotton are those. which follow 
the conguaption of bg for. Specific oe i determining both the . 
quantity and gaalsty of eee tors going inte the 4 well as the set 
OF demand factors eueihen to each use. What is diately veferred 
to as marke’ analysia® is Anqluded in this type of Work. Lastly, 
there are econone studies Pere vigw the ent ize aeen sncuetry as 
an entity and see te evaluate the reLacaee etiiaieney with wash ; 
various types: of economic ereee eto within the industry operate. 
Seononics eubraces such a By snan| field shee the jaree ean’ of pets 
research being conduction has deen outlines in eel he port general 


terms. 











Tn addition to the afore-mentioned research, considerable © 
work is bein? done that Gods not fal) Strictly withih any one of 


the foregoing classifications. This may be classified as follows: 


19. ‘Development of a satisfactory device for the permanent 
identification of individual bales Of Yaw cotton, to be applied at ~~ 
the gin, to facilitate the handling ana marketing of ‘cotton, ~ 

BOY” Studies of a method to take a rieamEnai sample of 
Lint sutomatically daptnib the ginning process. ~ 


“21. Invest mend to nes a use for the wax on cotton fiber. 


in this report, particularly in ie ‘Section on Oil Seeds, 

de eestigation of any types of Iamitated products, 
including bonded mital where Gobton or other fabric is faced on metal 
backgrounds by pressing it into a surface film of masted +e) decor 
ative panels consisting of cotton fabric glued onto wood veneers and 


laminated products: ‘of anspan cotton and ‘Ligut-welg cht fabric using 


cheap adhesives. 


23. Research directed toward mere officiont end less. danaging 
methods in the cleaning and Laundering ‘of fabrics. ‘The ineveased | use 
of deodorants “and depllatories is responsible ya research | aimed at 
the ‘prevention of Ae to clothing from this cause. —s 

ges Gotten rags are “need to. a "lerat p> ers in the ‘manufacture | 
of paper, fiberboard and roofing felt. The presence of rubber in 


some of the newer composite fabrics has prompted the study of its 
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y » removal prior to such. reuse. An outlet being developed for dyed 
rags consists of pulverizing them for use-in decorative finishes. 
oo 25. Compilation ofa bibliography of hundreds of different 
present and» potential uses of cotton and cotton linters. 
, U4 > Le GOPPON: LINTERS 
_ bile the principal use of cotton linters is for padding and 
ehattink practically all of the resesreh is devoted to the preparation 
and: utilization of its chemical derivatives. For this purpose the 
Lénthie! axe specially cleaned and purified to form what is known as 
chemical, cotton, which is:one-type of industrial cellulose. Pulp- 
wood: is: the only other major source of industrial cellulose, and for 
' gome purposes wood belthioes derivatives are replacing chemical cotton. 
.eOming to the extreme importance of rayon as a competitor of 
cotton and the fact that it represents the largest single outlet for 
chemical cotton, it will be given a detailed treatment similar to 
that for lint cottons: 9 2... 
Of therthree commercial:types of rayon produced in this 
country, acetate and cuprammonium are manufactured from cotton linters, 
whtlesviseose is now prepared almost entirely from wood pulp. 
.... Although not specificall 


in progress oneviscose rayon,is aleao covered in this section, as the 





r mentioned, much of the research 


research on this material is; in many cases, identical with that on 
the other types: of rayon. Furthermore, except for some special cases, 


it will not be necessary to discuss separately the research on transparent 
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pheeting snd fiin) a8) We. So 8 certain paint, ie research £8 peas 
eee the same as Le be gn to the manufacture of Payon itself. 


In the following discussion, the Lae "rayon" incluces both: filament . 


rayon and rayon, ‘Staple ftiber, unless otherwise stated. 


- Somparatively little research is being conducted on raw linters 


and chenteal cotton, but studies on rayon and other derivatives of 


chemical cotton are extrenely, numerous ana varied. .Specitic projects 


neety? ‘a 
Raw Minters: 
Le Studies in processes: of f deLinting seed and the leaning 
of - unpurified Linters., an ) ait. . 
| oe wie in atte eae ce Jinters. for use in insulation 
of pepe re 


Js, Efforts to increase the utilization.of, the material in 


paper Stock. 8 


4. Hesearch on the detaiis. of bleaching and digestion and 


the relation of these processes to the properties of the finished 


derivatives. 





2? _Reseereh on Parone : ecettings. 
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~G). Solutions for spinning, Most of this research is 


directed towards (a). The introduction of wood pulp as a 5 raw material 
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for.acetate and cupramonium rayon;  (b) Experinents, now enter 
ing the, comercial,stege, to produce a purified Kraft pulp suitable 
for.rayon; . (¢). Some work, on entirely new rayon processes, but this is 
much less. slivenceda It ineludes' the, spinning of cellulosé dispersed 
in. quaternary ammonium hydroxide solutions and the production of 
rayon from) the cellulose’ ethers. Both these processes have been 
studied in textile. finishes also.:«(d) Research on improving the 
acetylation.processs., (21.06 

oyovi2) Research iocimprove machinery and processes used in 
the manufacture of ‘rayon and rayon textiles, This includes: (a)° 
Speciiic studies on the effect ef the type of pulpy purity of water, 
and tension during spinning aipon the properties of the yarn and 
fabric;. (b), work.on starch sizes (c) research on delustering. 

(3) Studies of special treatments and finishes for rayon, 
including: : (a). Studies to increase the elasticity of rayon by the 
addition of latex.or chlorinated rubber to the spinning solution’ or 
by..ceating fabric with rubber or with a mixture of rubber and viscose, 
using latexreagein or alkaline protein glues; (b) treatment with 
formaldehyde to prevent crushing, synthetic resin finishes to reduce 
creasingy.and nonslip finishes tooprevent pulling at the seams; ~~ 
(c).special treatments f opnrayon crepe’ and: rayon brocade materials. 

oo »(&). Researchoon rayon staple fiber (contine us filament rayon 


cut inte definite lengths which can be processed satisfactorily on 
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most, types of textile nachinery). “This ineludes: (a) Investigations 


with ‘the ain of nodifying processes sen ‘equipment to obtain optimun 


results; (») delustering, leaching, dyeing, special finishes and 
effecta (euch asa permanent crimp), with a view to improving the 


_general wedlity of staple fiber in textiles. 


(5) The processing of warns and fabrics made from mixed 
tibere (various combinations of rayon, silk, cotton, wool, casein 
fiber, linen, ete.). “Fabrics wade of mixed fibers present special 
problems. For {tubtaned the use of mixed fibers has awakened interest 


in ‘the oueeer tay of rayon. Although: rayon is pianos ts to th 


larvae, it is frequently damaged in mixed fabrics. 


© "‘Haveutizatien of the mercerieaticn of filament rayon, of 
staple fiber, and of nixed fabrics containing these fibers. 


(7) Research on the tapeovensnt of rayon tire cord. One of 


ey most important new uses for rayon is in tire-fabriec, where it 

is claimed to possess atioest or invideeiiatbiies properties over ordinary 
“types of dectoanenba fabric for use in Meary-aute, high-speed truck 
and bus eerrenee 


(8) Considerable work Gn othae new aben for rayon; (a) In 


‘xo spaniel types ‘ef yarn, it. is used in “combination with rubber, 


the latex type, whieh consists of a rubber core wound with rayon, 


and Ee statex type, in which cellulose acetate is dissolved from 
the rubber-coated acetate filanent ta leave the tubular rubber file- 


aieli§ (b) pentax ividearent effects have been produced from viscose 
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cellulose in Lhe manner, described under. the heading of alkali- 
Llulose ethers; (c) study of the use of rayon or scrap 
rayon in paper, carpets, and as. a.reinfo 
(a) the regeneration of cellulose in the form of a sponge. _ 
_A9) . Research on testing and suashtarsidentdd ipldgrine.¢ close- 


1s, thet discussed. under the same. Agpsspe in sper tion git. cotton 
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6.. Research on cellulose. nitrate + (1) Modifications of the 


ot ta Tae: Gey 


nitration process, a és. wt as the formuletion at aycate iacquers and 






with FESPEE*., te plasticizers and. solvents. Bach 
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films, agers 


ee EeD 


new use is likely to require. @ new | formulation. 2). Research on 


Ws 


feeiisp lnpguers and Lacquer adhesives. Certain industries, gush 
as the nit tro—cellulose and the gcacher,, APs, Boe nanufacturers, have 
POLEaR Cy ons Osegs 


alreacy done considerable work Bye along. Rg Aine (3) Work 


“9 dae vege $e 72'S 


on the use of this and other esters in Finishes. (4) in the case of 


Pe EtG LS Ped t oy ae ae Py we Ut a ky 
photographic films, considerable 2 research of the storage and care. 
we ae LS i RA See, mens 18 
of Parmanent, pte Ps the preservation of archive atenraad of 
"all BOERS. " | - 
Reegerth om other derivatives. {1}. The =atareacinubic 


npseareh | on Fel inioag Jerre. Eesparsh on aoetatbe ha es 
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ee extensive, : following the Lines rapt d under —, The | non-in- 
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mg ee of cellulose pockets nice it desirable as a ) substitute 


Lees i kes eg Es the bps WONT oe thy " 
for cellulose nitrate in almost every use of ‘the latt ter > except as an 
a coe oF Seas Gh wet, stove fas: tS tae Beret, nit 
explosive, Accordingly, we a research on i acetate ) paralleling 
LiNe esl rae B Baa! in gS Mee “S ie % i e 


hat on ye rate cent dealing ith the acetylation process 
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and | on the formulation of Lacquers, Plastics, nd films: Q) Formule 


UAC she 


tion of | seo fase sandwiches; Q) research on n improving | cellulose 
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ongtane 7.8. yrepring, Gide, nt owien,deretahing. sheets (9), eerone- 
nent by formation and ly nechenicel treatment, the resistance to : 
heat and moisture, the clearness, the Olextbility, and the strength 
of acetate plastics; (4) a ‘specific attempt to produce an acetate 
which will better stand the high temperature necessary tor injection 
moldings (5) research on the triacetate, which has quite different 
properties from the ordinary (secondary) cellulose acetates (6) 
studies of the possibility of usin, cellulose acetate » which trans- 
mite o relatively hgh percentage of ultreviolet light, as = sun 
stitute for glass, especially for hot houses and cold sreness (7) 
minor research relating to use of cellulose acetate in finishing 
textiles, leather, etc. | 

8s Research on other esters. (1) Preparation of £ many. simple 
eaeons sehen, wa. dabeene, scale and testing in films, 
lacquers, @tc., especially the propionate, butyrate and stearate. — 
(2) Studies of mixed esters, the nitroacetate, acetopropionate and .. 


- acetobutyrate being of most recent interest. 


9» Research on other derivatives. (1) The water-soluble _. 
ethers include some types of methyl, ethyl and hydroxyethyl cellulose. 
Research has been conducted, on these materials with the aim of using 
then (a) in sising and finishing textiles, (b) in sising cellulose 
for paper or imparting wet strength to the paper, and (ec) in various 
ways as & erohentive colloid, as for instence in thickening printing 
pastes or in delustering solutions. (2) The alkali-soluble ethers in- 
clude other modifications of ethyl and hydroxyethyl cellulose »hich are 


| insoluble in pure water. These solubilities have stimlated research 
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on the use of this material in finishing and sizing solutions and in 
various e6atites suchas the Plazed finish on playing cards. “Irides- 
éénee"has been Grodiicéd ‘dn’ rabrics by “atyle “in the presence of a 
foam formed by WubSLing air through sueh alkaline solutions. (3) The 
water-insoluble ethers inelude methyl an@ ethyl cellulose of high 


substitution, hisher ‘aliyl etter’, benzyldellutose and most of the 
mixed ethers. Research on these eonmpounds follows the Sale Ee ae 
that of ‘cellulose ‘acetate. Tey have the advantaze of teine much 
more stable compounds. “A spetidl case 18 that of certain partially 
- etherified’ celluloses. “For Yhstante, p-nitrobensylcellulose can be 

reduced ard’ afazetived to Ave & dyé-basé which is chemically part 
of the M4bér, “Waterprdof” fibers ahd Fibers with Special dyeing 

» properties €an be Sitdlarly produced, for instance by treating a 
cellulosewith a mixtute of ketoné and the hydrochloride of a 
Leetiany bnktby oF pyrtiind ua compeundse (4) Ethebedters have atéo 
been prepared and Investigated to’some extent +éP commerotad GELt4zation. 
Théy°aré of two iain types; the estésbr°low Substituted éthers and the 


esters of hydroxyalkyl cellulose. pyblseetions thaiéate that there is 





| more interest in this line of researeh in Europe than in the United 





85 Ginte the mmber of possible combinations and modifications 
is very large, aif éxtensive patent literature on this subject is 
crows owin e gp. PF? 4djcetion, Bud select.on Ssuuwnes | 6.0 timid 
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batik ae’ cask, corron ae | 
ie Sone 1 work is ‘being eone on the growing, harvesting, ané utili- 
whois of we ek ee eytten plant as a source ef industrial sellulose, 


and special, Pulpiog processes are. being ose out for this material. 





rae The sussestions — this. section are those submittec to the 
are representatives By. the organizations anc individuals inter- 
viewed and will be found to parallel closely research now in progress. 
in some cases, the suggestions cover completed research and present 
outlets for cotton, “the reason fer this, of course, is the feeling 
that, improyenents can be made at practically any point, so that a 
great many items in the section on present research will be duplicated 
in this list. The program of research to be found in Part III of 
this report will contain only ‘ene projects which have been selected 
as nest, Likely to bring about the results aimed at under the bill 
. the pew laboratories, and least likely to duplicate 
existing efforts. in both this section and Part lll, there will be 
obvious relationships with the chapter on Cellulose. 


COTTON LINE 





wiht, The, post sraqaantiy suggested investigation consists of 


. hybridization, apd selection studies to develop certain 





“deeizable sharacteriaticn. improvements in dength and uniformity 


of staple, fiber, Sipength, fineness and other ohaxacer properties, 
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the development of a cotton with seed of maximum oil and protein 


‘eontent, of a cotton suitable for mechanical harvesting, of cotton 


with seed from which the lint may be more readily removed, of a 


Short, woolly cotton to replace Chinese and Indian cotton in 
eas yh a ¥ 


§end of improved cottons for certain other specific uses 





(for instance, fn tire fabrics), have all been sugested, 


“3 


“°9. Anene the cotton pests the pink bollworm and the boll 


“weevil have been mentioned for specific study. Stress has been laid 
“$n the study of harmful effects vroduced by bacteria and higher 
“orsanisns ubon cotton at any time from the beginning of crowth up to 
“and includine' its use in finished articles. It was sugrested that 
“guch study include determination of the orcanism responsible (pos- 
‘sibly associated with enzymes in some cases), of favorable and un- 
“favorable envirénment, of tests for detection and amount of damage, 


‘and of preventive measures; a study of the effect of variety, 


weather, irrigation, fertilizer, ete., upon incidence and severity 


“Of attack and the proper methods of harvesting, ginning, and 


storare. 


°° 3.° “other sugcestions embrace the determination of the best 


‘variety for each locality, study of the relation of soil, culture, 


environnent, and variety on the composition of the cotton (mineral 


‘content, ete.) and on the factors governing its ceneral utilit 
‘(quality of lint and linters, percentarse of mill waste and proper~_ 


“thes of the manufactured products) and intensive study on how to 


lower the cost of production. 
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wee"“Ae The rélative merits and demerits of irrigated versus 
rainfall’ bother were ‘Kise recommended for study, following up pre~ 
Patna udles and ‘settling the question oF whether irrication 


prance an ‘Gareeulan ‘call pas: 





Meee ead Puscdeh eae oF ULE wate dae Ue Bodine 
Pg Vaccmeeodation ad further study on the fiber properties of 
divecpept Gaviaticn ant proeths ot cotton, to obtain a better know 
tedpe 6?-the Pelation between fiber properties and the properties 
of manufactured yarns, in order to be able to predict more closely 
the. ‘spinning vakue of any given Lot of cotton, and tn Grade te vet 
a whter eetiante oF ‘possible uses and values. At’ present, it is 
2) necessary to spina portion of each lot to determine its spinning 

value. It was pointed out that successful ‘research alons this line 
‘would make possible, among other things, the setting ip or “wore? 
cpuetad dnd Soupiehenaive Wendie Vox caw wotton and thereby lead 
to the more efficient utilization of the cotton erop, the quality 
of whitest varies. considerably from year 6 year. (Sed alse thé para~ 
eraph on Testing and Standardization and the section 6n Cellulose.) 





| ae 4 “Suggestions under chits neadlag thelude specifically ‘the 


further study “ot andlins © ‘and drying of cotton before ginning, ‘and 





of se ‘dethods and machinery ‘used in er extract, ctaaoihe 


and compressing. 
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fabrication of cotton n fibers, 3 an. onder. ‘Fe obtain in yarns 8. 
fabrics. more of the inherent strength, of the Spppone fibers than 

is now obtained with present pa ines B of namfecture, was, Seaeagied 
as 5 urgently needed, as rel. ag critical studies of existing machinery 


and Pogcanene wa 0h on View a mocis ying ve in such a way as to improve 


the culty « or lover ane cost of the product. 





sai 4 large a psepeatian of the ieunaeette sugcested by those inter- 
Vivaed referred ta the extension of research along Lines already in. 
progress. ‘The suggestions received fal] into, two general clagsess.. 
ng, 9+ Industrial fabrics. (1) Development of cotton Prarie to 
replace PROGR now mace, SOT or largely from jute ane Pee in- 
ported fibers: specifically various. types of bags, wrapping-twine, 
rugs rug backing, and bagging | for cotton bales. (2). _ Development 
of more age eatton tre cord and tine fabric, and of a.fabric 
suitable for use on wheel surfaces of fara machinery. (3) Further 
shir of he use of cotton Fabris. in road construction, and in. 
cotton nats for curing concrete. (4). Study, of the use of cotton 
for wrapring fruit, and candy. hd DeveLopnent, of a more closely . 
meshed egath for. tent covers, temporary silo covers, anc for use 
in funigating corn Pears, trees, plants, etc. (6). Extension of the 


use of cotton in present outlets,. such as, bookbinding, filter press 
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‘proving the quality of these fabrics. 
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@ eldths) aitomobile seat covers, and roofing, by in- 


rat 


SSS 


“9, 'Clothine and household fabrics, ‘There were no very 


‘specifie Surcestions for research in this field, only ceneral re- 


Commendations that new types of cotton products be developed to 


dnerease their utilization. A closer study of mixed fabrics and of 


fine fabrics and laces was succested. 





~ Sureestions for work on finishes and treatments may be grouped 
undér the followins heads: 
“<9 JOl Bleaching.  Stuiies on the bleaching of off-color cotton 


‘and development of substances which would shorten the bleaching pro- 


cess, + “ieee 


Li, Mere@rigation, Research to lower costs and improve prop- 


‘erties of mercérized fabries (specifically, a study of the Furness 


method of mercerigation with copser oxide, ammonia, and soda). 


°° 9Ry Permanent ‘shrinking. Continued study of methods of 


been ym the cost, ‘of ‘permanent shrinking. 


cell © de Water~proofing. “Methods for rendering yarns and fabrics 
nore resistant to water and to atmospheric moisture; waterproof 


hes (soy bean protein was mentioned) civing a closes on ironing. 





Ve. Finishes of special applicability to clothing and 
houseliold fatvics, such as those desirned to impart or enhance 


ch defirable properties as resistance to crushing, soiling, ~ 





abrasion and tearing, ease and fastness of dyeing, and luster; the 


ees 
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development ‘of ‘trestmenté 0 give eotton certain desirable ‘Gai 
cal proparcies of eee fibers. ‘The ‘specific ‘types of coating 
Listed under present research" were all recomended for further — 
study, ; as were substantive and Rahstpoesrdant ted finishes, immunized 
cotton, surface esterification and etherification, and surface 
trea or with dispersing agents for cellulose, ; suchas the thio-~ 
cyanate pohubaene. ‘One ‘general Sugcestion was that particular at~~ 
tention be given to the developent of finishes witch rive the ~ 
PERL piepevinns without destroying other inherent, desirable 
properties of the Yabetens° Leier Wee That Gade Witte? be 
studied with a view to improving their pemaneney (in particular 
with n regard to Yaundering ‘and dry-cleaning). 

Se? Nees Tia dad PER und treatasntes. Finishes for in- 


ereasing "the adsorptivity, the tensile strencth (some of the sugres< 


‘tione in the section on Cellulose bear on this point) and the resis~ 


tance’ 6° ‘nd Cro=6r canioms and to fire (chlorinated wax treatments were 
advocated), Finishes aimed at specific fields of utilization were” 
also mentioned, ‘such as coverings for underground piping, artifictal 


leather, insulation of various kinds » etc. Further research on 


starch and dextrin Pier ghee?” 





16. uch work of a specialized and varied nature was sugcested 


as  desbaey én the development of new methods for measuring cotton 


fiber, yarn, and fabric properties now measurable only with creat 
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difficulty or not at all; on the development of more rapid and 
practical test, methods for properties now measurable in some form 
anc degree; on the. developnent,.of new apparatus and.on. the discov... 
ory ond exeiugiion.of ephex.propertics, of cgtien, <ibers and. prpducts 
to serve testing and stencardization purposes. 

Ife, ‘There, seens. to. be @ need. for further study on, the method. . 
and meaning of viscosity determination, and in general, for more uni- 
fora methods and standards and for theix evaluation... (See section on 
Cellulose, ) , | werenee to tenaracbart) rent crocs 

iB, Enrbionian, mene iane. dae) with, the development, of 
tensile, strength test for tire cords which would ee ea caites BOE, 
ditions of use and which would measure the benaking strength under a 
jerk rather than, under a steady pull. 

» 19... The quantitative determination of the various fibers ina 


given sample of cloth. _ 





.» any. of, the, suggestions cor econonic SERVERS peraliel, 
vo some extent, work already in progress. Among the suggestions re- 
ceived for economic research ares 

voy 800 An intensification. ang prendeniing of present otditeatinn 


studies she Obbeln wen perdi ant compeehensive giatistice on the 


quantities and qualities of cotton going inte specific uses (such as 


sheets, towels, shirts, etc.). 
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21». Studies to,determine the extent of various potential 
uses for cotton (such as in wrapping=twine and varkous types of bags). 
of the various factors iniluencing the consump- 





ay 


tion of coston and or competing products. 
23. OGritical studies of processing and distribution costs ior 
tie The colle ° 


so “Ss 


ion and publication of statistics on the 








r reference to character") of current crops. 


-of information on world cellulose re- 





sources especialiy with respect to location, quality, and quantities. 





| Suggestions. do not fall strictiy within any one 





of the goregoing classiiications: 





26... Continuation of the search for more satisfactory means 


for the permanent identification of individual bales of raw cotion, 


‘and of a methoc for automatically taking a representative sample of 


lint curing the giuniny Process. 
.  @ie Rew uses for eanbiaae tis mill waste and raw cotton 
(other than by spinning into yara). 
R&. Laminated and composite oroducts for floor tile and 









. construction (cotton and cement) and the reinforcement of 


c wrapping materials with cotion fabric. The 





29. lIaproved method for utilizing rags in paper. Besides 


ganeral suggestions on improvement of quality, especially in the 
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vere.0%Zl. Znvestigation of the possibility of mechanically 
straightening and stretehing the fiber to. 
lister of the fabrie —— stelke and bull impuraties. 
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7. “The davelepacat « eecnanenciene AOR for blending Large 
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» S°Tt hasbeen claimeé’ that one of the reasons why linters is: 
heing replated by wood-pulp as a raw material for industrial cellu- 
lose is that the properties of the linters are undesirably variable 
2n a process wiiich requires very Close uniformity in the raw 
material, “In order to determine the causes for ‘these variations, and 
to overcome them in comercial practice, the following suggestions 

3. The effect of soil, variety, climate, storage, and pro~. 


eessing on the auality of cotton Linters intended for chemical con- 


version. — 


OLS &y Improved culling, gradime; cleaning, drying, and ginning 
of seed to produce linters more free from stalks and boll impurities. 
5,0 Tae development of a more efficient delinting maciiine. 
“- 6) “Improved ‘mathods of cleaning linters. - 
“7. “The development of dependable methods for blending large 
patches of Linters, ané of tests which would quickly characterize a. 
bateh as to suitability. ~— 


8. In. addition, more satisfactory methods for the. recovery 


Cand pre¢essine of hull fiber (a form of linters) into chemical cotton 


and for the economic utilization of the residual hulls was especially 





—1°°°%® a Large degree the research on uses of purified linters is 
being conducted by the industries which use it as a chemical raw 
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material, and much of the work described under Present Hesearch in 


this section will doubtless.be continued. Ina general way, all of 
the. problems. there described are unfinisheds. a. 

oo) 9 Besearch on rayon. For use in rayon manufacture, cellu-. 
lose must have, certain characteristics.. (1) A broad.investigation of 
the characteristics of all.available types of purified.cellulose, ... 
whether from linters, from wood pulp, or from agricultural wastes, 
has been advocated, correlating the specific characteristes which 
are desirable .in.making viscose, acetate and cuprammonium rayon with 
the source and the method of isolation or purification of the.cellu- 
lose. (2) 4.neeéd for dependable figures on relative processing of. 
various types of cellulose costs was mentioned, » | 

vee (3). Suggestions relative to.wider uses for rayon. Many ofthe 
specific, suggestions. duplicate those given for cotton lint. (1) Further 
investigation of textile uses particularly wider and more satisfactory 
uses for staple fiber; (2) a method for increasing the permanency of 
the resilience of staple fiber, (3) new methods of fabricating rayon; 
(4) further study of its suitability for special uses, such as arti~ 
ficial leather, insulation, and plastics, and wider applications for 
cellulose sheets and sponge. | 

10. Research on chemical derivatives of cotton linters. 
Suggestions include: (1) Further study of lacquers, especially to 
improve strength and flexibility, (2) research to reduce the sensi- 
tiveness ef coliulens acetate to moisture and to determine its value 
in windows and hothouse sash, (3) a broad study of various esters 
and ethers for films, lacquers, stiifening, and water-proofing 


finishes for cloth anc other uses. 
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ll. drop specie wentioned "er researci were the condensation re- 


| actions between cellulose and various ghenols and polyeasic acids, 

pete ge may result : in 1 new types of plastics, and tydrelysis o or redue- 
eae @ ae he ms temperatares an. pressures, other ‘ines of ; work of | 
“this ¢ general type | are discussed more fully in the section on a dolaw 


Lose. 


WHOLE oorroN 


ae it yas ‘been i Ma that. atéeitien be given ihe following: 


The cultivation of eottan for beg — of utilizing the entire 


prant for celluloses the use of this whole cotton in pulp, paper aad 


wallboard and in the preparation of alpha-collulose for chemical 


“Bra 


conversion and subsequent use ah rayon, cilns, and plastics; and the 


utilization of the non-eellulosic by-products, § such as 3 the oil. 
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be joel rene og roa 1. to on lore refined chemical  deypstigations caused 
this view to be alnost entirely abandoned, in favor of a anich pire 


soleciie, estimated to consist of Toa Least 170 to 200 alucose units 


ota 


arranged in the fora of a ‘chain. “Today perhaps the predominating , 
tendency 4 is to consider the cellulose chain as including ig to 
3,500 glucose ‘unites the © developaont and Peinterpretation of physi— 


cal neasurenente, such as osmotic p prespes, viscosity, and gelinenta~ 
| - hg 


tion constants in the ultracentrifuge, have bees largely resyonsible 
for the tentative acceptance of this high figure. | ,A ccespetd mee 
cule, if stretched out straight, vould thes be Long enough, to be. i 
easily seen with the aieroscope. A cross section of it, eaten 
would be ‘her too ainite for. bcd even . with the best instruments. 


oe studies of cellulose § show that, ‘the bg ga pucose 


ashe form a lattice, which varies ia perfection : in different ‘samples. 


EFS 3 é 
whit 


a4 Br 


The ‘Sndividual chains are apparently organized in regular,’ parallel 
array, while the subaicroscopic nicelles or orystallites: ere separ stat 
by regions in in virich the arrangenent is randon and the structure more 
porous. ‘The results of weray studies, together wdith the behavior of 
cellulose ‘tomard polarized lig ght and swelling agents, indicate that | 
the ‘orystallites, the more endo regions, and ‘the porosities a are all 
of colloidal ‘ainensions. i when dispersed, ogliulose and its y near 


: | fey? 
AS hae 


tives fora colloidal ‘solutions. 


ish yah 
Rise 


~ Gelluloses: of ‘aifferent Rn oe my di ster in the nature and 
—— of their nonceltulosic uaterial, carbobyarate and otherwise, as 


well a as in the average nuber of f lucose v units in the molecule, 
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osity and ultracentrifuge data, for exaaple, indicate that native 





cotton ieee way have @ chain of 2,500 to 35,500 glucose units; 
isolated wod pulp, 1,000, with the individual lengths differing 
_rataer widely, fron that averages and viscose, 250 to 350. In addition, 
Cellulose samples aay diifer in the arrangement ei molecules in the 
micelles, and, that arrangement, together with the colloical character, 


may be extensively sodified by physical treataent. Since all these 
factors greatly affect the physical and chemical properties of cellu- 


lose and ite derivatives, the possible variations in cellulosic pro- 


ducts. are numerous, and the opportunities for research, both fundamental 


and applied, are greate.— 





. The radical. change in theories regarding the structure of eellu- 


dose during. the last decade has created many new problems and suggested 


possibilities with which current research is naturally concerned. ‘uch 
of this research has the object of giving precision to conceptions 


' woich are. vague or eupyerted by insufficient evidence. Althouch the - 


greater part of cellulose research work aust actually take account of 
possible changes in the cellulose molecule and in micellar structure, 
in the following list the individual research items are grouped under 
the head in which there is the most interest. | 





ol. Research on the sige and structure of the cellulose molecule. 
ganas cousider that the cellulose mlecule consists of about 200 elucose 
unkis. 1 tats ge strue, the much higher values deduced from viscosity 
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-. In this group of studies the main interest lies not so much in 
the behavior of the cellulose moleaule as in the properties of bulk 
Cellulose, regarded as a colloidal complex of capillary channels in 


oriented or partly random arrangement. At present there are three 
‘broad views regarding the details of structure. According to the . 


first, the individual chains are organised for the most part in regu- 
lar parallel array in the direction of the fiber or in the direction 
of tension during regeneration (as in e filament of viscose rayon). 
These discrete, elongated, stbimicroscopic micelles or crystallites 

are separated by regions in which the organization is less perfect. 


| The second view differs from the first in that the submicroscopic mi-+ 


celles are thought to blur into the surrounding more random regions ~ 


‘and individual cellulose chains, and to run through two or more mi< 
“eelles at various points along their leneth. According to the third 


wlew, the discrete micelles or particles are of microscopic rather 


than submicros conic dimensions and are erbedded in a matrix the ciysieal 


and chemical properties of which are different from those of the par- 


icles themselves. Tt is not surprising, therefore, to find several 


‘studies in progress on fiber structure, carried out by chesical » wWitra- 


microscopic, fluorescent, ani X-ray methods. These include: — 


4. Studies on the betiavior of cellulose in rays lying between 


. the ultraviolet’ ‘and Keray wave Lengths. 


tg ‘Studies on the inapeinenigpages behavior of Cellulose and its 
derivatives. as <: 


“6s * Yovesti ations to determine the change in moisture absorption 


with various pretreatments. 


iqtoads envdesom ae 8 





re | | Zea 
of ool Fe Studies On the natore of the absorption of dyes end ar the 
general, colloidal character af: axl dtd. derivativesy:: “scocr 
in toe Geditaiies, on the: dragtiowmtingd and separation of ‘the Longer 
and better dndentod micelles fromeshorbem anc more poordy oriented <°)- 
SLO ex exbrectlon With acelume ar acet- 











of Qelluiese in nEMEguatMe soLrenta, 
oun © @q Studies om the absorption of a heavy ietal from a, norgdrex- 
Ylis solvent by the interne] wuntacteo cellulose fiberges coo (5) 
the ¢DOp Stutiias-om the chemlecal hydration of Celiniesesies of cellu 
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units in the more porous regions 
fora a valuable guide in studies on absorption and on the kinetics of 


LO3 
of cellulose and the mode of attack upon the glucose units affected, 
as well as to photochemical degradation, which is an important factor 
in the gradual loss of strength of cellulose and its derivatives. — 
Be Reactions of the hydroxyl group. The glucose units of cel~ 
lulose contain one primary anc two secondary hydroxyl groups. Studies 
are suggested on, (1) the relative rates of reaction of the different 


hydroxyl groups; (2) reactions of cellulose in nonaqueous solvents, 


such as liquid amaonias,as the unusual reactivity of some of the com 


pounds prepared in this way gay render them particularly valuable; (3) 
the effect of chemical structure on the physical properties of cellu- 


lose derivatives, such as the acetate; (4) the possibility of prepar- 


ing derivatives containing primary valence cross linkages between ad— 
jacent cellulose chains; and (5) the possible conversion of linear cel- 
lulose chains into derivatives having a crinided or a flatter helical 
arrangement, which wight have greater elasticity. 





4 Qptical methods. Nore liberal use of X-ray and spectro— 


graphic methods has been advocated, together with a greater application 


of the principles of colloid chemistry and the replacement of selected 
hycroxyls in fibrous cellulose by an.atom considerably heavier than 
carbon or oxygen to facilitate X-ray investigations. , 

. Se Topochemical studies. It has been suggested that new methods 
for estimating that fraction ef the tetal hydroxyl groups and glucose 





and on the surface of the cells would 


heterogeneous reactions. 
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>, Ge S€fect-of micellar and subulecllar structure on reactivity. 
‘The mimte structure of cellulose agcregates, either at the micellar - 
‘level or lower, has a profound influence on chemical reactivity, pare 
‘tieularly oxidation and esterification, Such old and well-imown pro- 
cesses as sercerigationg which drastically affect this winute struc~— 
tuste, have in the main beer studied only empirically. It is suggested 
that. a study be made of the mechanisn of this action and also of the 
po. e SweLRing phenomena, ‘The effect of absorbed woter vapor or 
Of Rkepsid water ain gauging ewlling and softening of edllulosic argrre- 
gates and the more profound change imowm as hydration are only imper- 
featly wilorstood. Since many conceivable uses for cellulose articles 





and other Maxids, this field has been sugsesied for study. Specific 
piudies suggested are an investigation of the desrae of penetration of 
various liquids inte the submicroscopic structure of cellulose aggre- 
gates ond the application of the results obtained to the waterproofing 
0, fibrous cellulosic articles, to the use of celbilose an a filler in 
plastics, to hydration of pulp in paper-mnaking procesves, amito the 
une of various types of cellilose fiber in nombtextile sheetss ior 
oon. Gp Celdelose diepersions. Tho dispersion of celhilose in the 
form of viscove axl, the reyeneration of the celinlose as rayon fila. 
nents face many unsolved fundamental oroblem, beside the wore practi- 
eal ones discussed’ in the stctiem devoted: te rayon, : It was recomended 
that more attention bo given to the dispersion of cellulose in alicline 
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media, and that some of the older Work be repeated with the assistance 
‘of all the newer techniques fer the elucidation of molecular and wicel- 
‘Var structures a uate | 

‘General Studies: 

“g, Phytosyntheses and phytozenetics. The natural synthesis of 
‘Cellulose and of the noncellulosic substances that accompany it in 
plant tissues was récomended for investigation. Specifie problems — 
guggedtea Poe study are the differences in length of the chain, reg= 
Wlarity of micellar arrangement, and complexity of ftber structure’ 

of different parts of the same plant and different species, ‘This 
Ware eho be closely correlated with that of ceneticists and plant 
breeders.” 8 | 
“20. Fundamental differences between’cellulosic fibers from dif- 
‘ferent plants. A broad study is needed of the fundamental character- 
isties of each mesber of the proup of cellulosic fibers. When the 
“factors whieh determine the character of a cotton fiber and differen- 
tiate it from an isolated wood or flax fiber are thoroughly under- 
stood, “4t should be “possible: te develop more desirable characteris- 
‘tics. It is sugcested that such a study cover (1) the microscopic, 
micellar, and molecular structure; (2) the distribution and character 
“of noncellulose components; (8) all the pertinent physical properties 
‘of the fiber itself, both in the original plant tissue and in the iso- 
“lated and variously modified forms in which it is usedy and (4) an 
analysis of those factors of gross or minute Wihneti@e abn: abtceadine 
“the strength, stretch, and pliability of the fibers. The study uier 


(4) is especially important. 
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cure, We Anglyting) methods, me enénten) purtty’ and reacts Ss at 

cellulose nearanianie aged siete Of CePtain Coste”: ~~ sser 1 
(SLlulesd ‘cantent), which are almost rete ent 

was suggested that these tests be correlated with molecular and nicele 











lat styucture. and with the content of know dapurlties or degradation 
pronaoke Py | in order to increase their usefulmess and their significance. 

“48. Diffusion of various liquids inte cellulose fiber. The im 
portant chentical reactions of cellulose are always dmplionted by the 
structure of the cellulose fiber. ‘For instance, when cellulose is nix 
| trated the sulphuric and nitric acids and weter in the nitrating aia 
ture diffuse through the structure at unequal rates, and the resulting 
product is a mixture of different compounds, It was suggested that an 
investigation be made of diffusion processes and osmotic effects and 
of the Golloidal behavior of cellulose in a wide variety of reactive 
and inert liquids in onder to improve the control of such comercial 
processes as nitration of cotton. 7 

13. Fundamental industrial problems. In spite of centuries of 

practice and technological iaprovement, spinners of cotten and other 
7 plant fibers and manufacturers of paper are still andotie to give to 
their produsts mare than i otnpeaehivedy small fragt of ihe agcre- 
gate strength of all the individual fibers » which is even less in com 
peristn wath the aggregate strength of all the cellulose chain mole~ 
, cules. Although ats field has been investigated extensively, it has 
been suggested that a \ cosbination of fundamental knowledge of struc~ 
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The average yield of flax ‘in Oregon is about 1.65 tons par 
af fiberoweietiw sees in ie fast 20 pears Pax wetiand Pre 
“acres Fron this are obtained 230 to 300 pounds of Line fiber and 
Pg ge" (> hee Se AE Ga Bes TO AKE tote & PER BPO Ee 
“100 to 130 pounds of tow and ready for spinning, 250 pounds 
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tity ef (liber available erowaiiy cor the 30 years 


of stock feed, 500 to 600 pounds of seed, ‘nd a residue of shives 





Rite We ES Ee Saas. Beery, ire Riete Fi: ei es 

“The flax is pulled mechanically and retted by bacteria. The fiber 
fither epetiabi«e hae fedtoen aff to aryheom of Se 

is obtained by mechanieal. seutching and hackling. For further ‘aealex 
ey eee teh now deseo? fe Bux ete 

ment, the ‘tatusty omnia scientific research to ower the proceasing 

er: Se Fe ee Sos Rite 

_ cost and to devine uses ‘for the » bysproductsy uch as ‘the shives whieh 
1Ou Paving. Port, ang wemlell o: ie 4 {or ingule 

are now wed for fuels 
Gdewund ie teow terr than in farce wears. Taers ic aleo @ werliederlosed 
aindistry dDawed on the aenifeeturs of 1 Leeuw oe take 


tha veviaty of flax raised for its seed ts ‘gmeraly a short, 
£3. eats eyFs oy cee 2g? pages ay 


_nary-branched plant bearing a considerable quantity ef ‘Sende “Tt 4s 


hg ad acy, Raed: BE FEMS Pry: i HP, ee ‘cer oe 
ted for the produotion of @ long linen fiber such as 1s obtained 
ecw. vale, 200 tens? eras a, air 
from fiber flax. this variety of flax is allowed to cone to mturit 
eros shout OP Gerasnt af the flax ttber avelia’ se aa te I 
in order to obtain the largest yield of seod, ani tnis tends to toughen 
75,050 iouse  Ren@em, tar af intetaesteilige te « m 
“the ody part of the plant go that the bast fiber 12 more aiteieult 
f weedy in te Pires, ard other at ea he me $454 fee! 
ey ‘tain, 
strwr value, it ia Believed that 1h wold > neorextive 4 
the Unseed-flax stran fiber ip nainly a vasted by-product of 
caleuiese say nif tiie teremse a2 euteelieo atet tah ey 


‘the seedaflax intustry, ani the anount of flax straw available varies 


etd 14 atom 


directly with the quantity of flaxseed produced. It is ei stionks oe 





RUS Penge va Urls ANG Pogue of 4% #6 lane ar se sieor an + bee #5 Sey 
estimate securately the connt ity of fiber woresroniy available. Bomevar, 
iptetion: —s wastes) for Lines, 1t toe welw! mterial, ami if it 
or Baa ratio is approximately 2 to 1, and about @ percent 
(re cree chairs se eee i He om tie See eee tee 1435 ea 
“of the flax te raised Sn oonoentrated areas, so that it is sasily 
ie, of in Se pemetmninaaeie of clgaretie tasery is Mart A’ 
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imported annually. 
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for reasons that are diteus: 


of fibervavallatle annually in the Jast 20 years has varied from about 


tity of fiber available annually for the 10 years ending in 1930 was 
approximately 270,000 tons. However, since that time the quantity of 


- fiber available hae fallen off to an averaze of 00,000 tons armucliy, 





ioyie® Small quantities of flax straw are now used commercially for 


“paper; amd seni-~flexible sheets for insulation, but the 





demand is less now than in former years. There’ is ales a well-developed 


‘industry based on the manufacture of flax-straw ruce. Commercial utie © 
‘Lization of flax straw in 1924 amounted t6 about 200,000 tons (fiber 


equivalent, 40,000 tens) but in 1937 was only about 10,000 tons (fiber 


@quivalent, 2,000 tons). Therefore, at the present time there is being 
‘wasted about 97 percent of the flax fiber available, or approximately 


75,000 tons. However, because of inaccessibility to warkets, presence 
of weeds in the straw; and other wriesirable factors that affect the ~ 
straw value, it is believed that it would be more conservative to 
calculate only half this tonnage as actually available for possible 


% ‘ 

my ee Cake ad h De » 
o as 

i £y 4 





_) AUthough this fiber fe not as lone or as strong as the fiber 


generally used for linen, it is a useful saterial, enn ie 40 can be” 
obtained cheaply enouch it may be wned for coarse linen cloth, for 
rugs, or in the manufacture of cigarette papers it is particularly | 
suitable for the latter tse because of the special characteristics of 
the fiber. About 5 to 6 million doliars' worth of cigarette paper is 


imported armually. 
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‘Linseed fiber as, then, # potential source of supply for a very 





search on varieties, methods of freeing the fiber from the shive, and 
aha oaee o's after chewieal troctzent, 





 Breéding of disease-resistant and other varieties of flax 
in order to ‘inerease: the acreage upon whieh production would be feasible, 
of Gil ane’ fikeris: fron celda, eaters y CRE eurte day 
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36 “Development of machines for pulling the flax in the field 
and of deseeding equipment for removing the seed. ‘he problems relative 
Shy Further development-of a method of harvesting need flax which 
rolls the seed out and leaves the straw long instead of cutting it up 
during the threshing operation. . This method is already being used and 
fia Cigge patina ieetihidaiattatiees for freeing the fiber 
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. vetted and of turbine seutchers for removing the shiives from the fiber. 
6 of equipment ‘are now available. The mechantoal seutehing 














os > perce of tangled waste tow may be too high, 
ek shaace, ns The Gecortication of green flax and mibsequent cutting into 
after chemical treatment. 





of bacterial retiing, including pure qulturcs, and Sy eneymatic pre-e 





me in tanks and fundamental studies on the course of retting 
and on changes in free acida, esters, and salts during the retting 
periods. A-double ret is said to have advantages over a single ret in 





voate (Se. Unevbmerged retting of flax (dewaretting"), including 
the 





bien of the prinsiple of the trickling-filter to racke of 
4 flax straw by allowing it to lie in 
cuomecdOe Chemical treatments with and without pressure treatment to 





"chembeally ret" both varieties of flax. This has bean successful 
only. when the flax has been partially reduced to ite wltinate fibers 
thie fiber, which is about as long as cotton, has been spun exoeri- 
nentally on cotton systems, beth with and withovt the addition of 


eotton fiber, and the thread utilised in the production of fabrics. 
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thd to une tests. This reduction of flax 





Tne fabries have been 
to a short fiber in termed *eottonization," and the process is being 
@ large sueply of Tlax tow waste have studied it particularly Zor the 
vantard over cotton textiles door, gui Gon rom im pacer, where 








Aven Dies Investigation of the use of purified seed-flax fiber tow 
for use in making cigarette paper. This is. 
possibility, although om data are available. 
tewel Thieittacils and cortigiarly 3¢ cowelop drought reietant etre 
oo 0 Ihe coinvestigation of Linen fiver am a substitute for cotton 
opye Se Search for other mew uses for the fiber. 

1G. Experimental work om the we of the whole flax stalk as a’ 





ing’ or Ukiawlating vaterial. This has deen started with some 
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success. . Tace@ed ine asrines atidsnhd be vreey carefully ctmiivd with tae 
o/oo0' Submission of finished materials, such as textiles and Linen 
papery touse tests and to the action of various reagents in order to _ 
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oul o| Mest of the suggestions received relative to research en flax 
finer have been concerned with methoca of reducing the processing cost 
of obtaining the: fibers It should be noted that.thare is a distinct 
differences in tthe problem of freeing the fiber for uce.in spinning, _.. 
where Jength 1s a-necessary factor, and for use in paper, where fiber 
length is of minor imortance. 





1.» Ry melective breeding, a flax variety should be developed. 
Which cowld be mre readily decorticated. 
2 cos Agronomic research should be done to adapt the flax plants 
to different soils and particularly to develop drousht~resistant strains. 
os Ba fhe Influence of enviromant.oa the quality and yield.of both 


eedd.and fiber should be ‘studied, as well as the effects of soil chare 





istios,; fertiliser treatments, and cultural methods on the mineral 
content of the plant and on the character of the fiber produced. — 





2 Lovage ebling machines should be farther studied in order to out 
the costs of pulling, 


‘$e Desteding machines should be very carefully studied with the _ 


odjectiof lowering the cost and improving the cleaning and arrangexent 
“os «née Breakers for breaking flax straw after retting should be. on 
studied with the object of developing a process that will caune less 
damage to the flber and make possible a more complete resoval of the 
shives in the seutching operation. 
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nicely @ecorticetion of Flax should be Studfed with the 
objdct of scouring a better Liberata lower toot.” The possibility o 
produding a winpler tadiino wich nigit be awed partially te decerti- 
cate dinsectflax’ stray on the farm’ showlt be etudied, Such a machine 
would bhabl@ the farekr to produewa ernie tow to be sold for further 
Purifitation;: thus providtig him with spare-tine ei saving — 
chargeb. an@-leaving the shive on the farm” 
Bs /Decorticating rollers might poabibly be combined with a 
type of harvester that dees’ not shred the straw when ”produeing seed ahd 
) @ (coe 1 QsecPresent: studies oA enzymatic; bacterial, and "chemieal™™” 
2 eee eee 
and seicatific’ control of conditions, © 





10. Further uses for flax’ fiber’ in paper making, \ 





netheds for purifying linseed fiber for use in apectetege ‘paper, sl should 
be invastigatedss te mine conatibunate such & 

sueceellie. The economies of the use of flax fiber in competition with | 
: linen fags inthe minifacture ‘of ‘higi-grade ‘Linen paper showld be studied. 
lie Phe widllisation ‘of thé! Linsesd fiber for new te#ttles has 

| possibilities witich sliduld be investigated. Spinning of "cottonized™ 
| flex:and ‘the use of tie Diver In rugw has been accomplished. A survey 
; of the possibility of spinning the coarse tow inte dish tewsling or 
sacking materials to replace imported fiber should be made. 
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15. A need existe for studying the walue of fine fabrics that 





can be made from the different spectes of Siver flex that may be 
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¢ eforred to be * 
iia Me ‘the possibility of ‘replacing certain » imported fibers with 
fax-£iber tow should be otutied, sf ‘ tad 
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Be Processing conts may be out by developing nethoris of utii~ 


ting. the by-products. Staite should include extraction of wax from 
a shives and the utd linatton of shives tor ‘cellulose, . ‘ievoladton ; or 


A eyes es 


any of the other uses for which 5 collected egricultural waste is duit 


5. 


able (ose ‘Agrtcaltural ‘astes). ‘Tho wae ‘of ‘the shives | as a feed hase 


(the Hzmeod shtves contain 3 percent fat and 9 percent, protein) has 
ay Vie PReee, F 


doen suggested, In this ‘connection the possible presence of prussic 
Bate or other torte eobatances should be considered. , 
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(PART It) 
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sands of Piber ‘by ‘acre. In former years 
Wad a flourishing domestic industry, the 
Sieh: vere davon wostiy in Wisconsin. Imports 





were 77% tons, valued at $271,330. Hard fibers such as Manila — 
and sisal have heart? Peplaced “gativa Némp for roves, ‘Gable, and " 
coarse doraage, Weitz Better adanted Por these purndges; and jute, 
ate a hewsbrpeeoad it hedhrnannidins Ant, istic on a cost 
pies Wii cores: Mag? PRPA ELAR SASS ae ES en 


The a ‘does Hot Tile In’ growin ‘and preparing the — 
iS YE Wey tikcet. In lana the hemp 
S Gcdtionice sources ‘of léng £ er avarienis ia” 
itis Weuhtiy? “ee uie’ dedi d"aliowed ‘to miturs, However, “the fiber ts 
| févtidke,; "the ‘tats “plant “aids before the Teme slant, 
Diet weet dievén. “The! slant is eut by machine and ~~ 
altdwed te dew Her “ol thd Yroind,; aftey which ‘it is collected in stacks 
ava Bota Vo" the Weta’ mY “the “attr ded the state ahd Yenoves the 


; tof a “hemp brake" for sale as cordage. A useful oi] may be ex~ 


















crop is the Reece 












tracted from the seed, and a considerable quantity of hemp seed has 


been imported both for oi1 and for bird food. 


er th oat eat a 








BRB 
i i 
Unfortunately; the Hemp plant producesva narcotic:drug kmown: 
variously as marihuanay bhang, or hasheeshs - The misuse of this nar- 
cotic has caused the pagsacé of: the: Pederal: Marihuana Act, which for- 
bids: the growing: of:hemp except under Federal supervision... These re- 
strictions have caused the:fear: that heaps, which is a "critical" «=. 
material» of national defense, may be entirely eliminated as a domestic 
product,. AS a result of the Federal Uarihuana Act, research has: been 
greatly stimlated on the: chenistry of the alkaloidal constituents — 
of the plant and on the attempt to produce a varicty with no substan- 
tial contentcofsmarihuana resins 96 ooer oe 
the decletion, ¢heracRRRQ@iT BSEAR 





oa on Researchcon: heap now under way has the following objectives: 

1. Reduction of maneotic content by genetics. Agronomic re~ 
search is centered at present on: the attempt. to produce a variety of 
hemp that will contain only negligible amounts of the marilhuana resin. 
The work.on this Ls quité promising since Soue plants appear to pro- 


duce very small quantities ofsthe resine« © oer . 


by dome@wloPreduetion for eeed and fibers The possibility of produces 
ing heap as acseeé-or fiber crop in various sections of the country-is 
being studieds:,Breeding studies are: being carried out with the object 
of producing a variety of hemp suitable: for growing both seed and hemp. 
This necessitates a wvarléty in which both male and female plants come 
tovmaturity: together or in which the two sexes are combined in the 


Same plant. 
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2. Use in paper. » the, use of heap fiber in the manufacture of 


arettie paper. bas been tried with excellent results, Comercial «. 





Gevelopment is under way, Cigarette paper si howld furnish a quantity 


market for hemp 





ohlne Ser ape wed, methods of retting. . the technology of heap ret<. 








ting is being studij 


» $e Production, of better. fiber by bikeitelia, The production 
ofa short spinnable fiber by "cottoniging," both with chemical treat- 
ment and with. aynes is being.further investigated. 

. Gy) . Increased. kmowledge. of, properties,of marihuana, .Studies 
on the isolation, ¢! ationy constitution, ond. other chemical: 
and physical. properties.of the marihuane drug are being carried en. 














; Suggested subjects.for further research on hemp and: 
S794 trsctumt: before planting should | 
ide . Production.,..Tt) has been suggested, that,a survey of hemp 
pretantign be wade, with; ¢ to lowering the cost, beth 
heds and by finding uses 
cts, It is particularly desirable that hewp produce. 
ab.a,measure of national defense... ©.) 
~o@e Use in paper, The use.either of the whole hemp plant.or of 
the fiber in the production of special thin, strong papers should be 
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Be By~products. The use ‘of the catienet wares ‘Vither as a 
saetery, ba doo BS a7 Ghoyule be datersined, as. woll.os. the-anioile beat 
source of pure cellulose or as a filler for plastics has been suggest— 
MU. Or exp iuentations the PEE e041 DB G.8e,cad.2n Ghe hades end 
toe pRiolocioal chanced of the body. wider the: lafiuence : a 
mates “The physical condi tions and the cost ‘of ing 
Bh CALL. OG LUVOCULSEUa, Tho Poere LG i Lhe dite lowd gaewle ‘be 


retting of heap should be studied. tt 1 is consid lered that laprovenent 
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in the quality and value of fiber would justify water-rett ving rather 


than the dew-retting now practiced, 


Verihuana: 

5, Agricultural phase. The proportion cf plants containing 
appreciable amounts of marihuana and the effect of climate on its 
production should be determined. It is known that alkaloid production 
in general is less in northern latitudes. The effect of degree of 
soil acidity, of fertilizers, and of other factors on marihuana con- 
tent, fiber quality, and seed production showld be studied. Effect of 
seed treatment before planting should be studied with the object of 
producing plants that arc inactive physiologically. 

6, Chemical phase, The separation, purification, constitu- 
tion, and uses of the alkaloid should be studied. Definite cualita~ 
tive and quantitative methods of analysis should be established, The 
substance the presence of which is indicated by the Beam test should 
be investigated; it is not the alkaloid but a substance associated 
with it. 
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« The best conditions for a satis 
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 pf020 pepnent vithewilw without greatly changing the eppearance oa? the 


textiles. Oiv the-otter tani, no completely ‘gabegesful ageheridal és- 
enrbisetion sothed has-hean developed: gocobtain the. ither, the fiber 
ig experkive t¢ spin hecaage:4f uneven loagths, end tt. possesses: a 
natural taste fenlt dn thet tthes a tendensy tocreck-or break uncer 
compkonal ebredas Raniv dis onecef the strongest Tibers when subjected 
bogteat wet tenaitn, bub-ite brittlenses )“Isck of yosieteies 46 flex 
dug and how olastietty ake At an extremaly poor fiber for any tom 
Althdush rakhe fiver uay be depewted Inte this sountry at ler 
ty At nek tt achieved wide usage. The Aguas have waried from 





2 millida péunddimstily fox woe tn gt mantles) in 19 ts-very 
vidhe ‘tiv’ 1932) dow’ 205,000 ‘pounds In 1936 gid $0,000 pourids “{vuiue 
$4 (0) an DRC. Tee monn erates de boing sowed ve 
oot The mien ty Mutigelertdtuvest ant prepare Tor mawriet. Ta” 





Chitiaiy “blve natese stems are weilectet ani ewl, crushed, and cleaned by 
tard lator, erm aap podduring only 2 te 6 pounds BE Sua titer por 
vende diher, tne iosmwtry would twve to be seapletely mechanised. 
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(PART II) 
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|: Ramie, ellso lmown''as rhes and as China”¢rass, had been tised in 
Ching ab a souree of fiber for 3,600 years. © Ramie fiber has certain ~ 
advantares over all other vecetable fibers.  It°has a very high ten- 





sile strength even when wet; 46 resistant to atmospheric chanves and 
mildew, and is so lustroug and soft that it maybe ‘mimed to" the éxtent 
of (20 percent with silk without greatly changing the acvearance of the 
textilel. On thecother hand, no completely suecessful mechanical ds- 
corti¢ation method hasbeen devélesed to obtain’the fiber, the fther 
is expensive to spin because of uneven lencths, and it possesses a 
natural basic fault in that it has a tendency to crac or break under 
torsional stress. Ramie is one of the stronrest fibers when subjected 
to straight tension, but its brittleness, lack’of resistance to flex- 
ing and low elasticity make it an extremely poor fiber for many com 
iretelusesfiicrsse ~~ pronertiies very degivatlo in textile MM bert. 
Although ranie fiber may be imported inte this éountry at low 
cost, it has not achieved wide usases The “insorts have varied from 
2 milliga pinta vipat tthe for usé in gas mantles) in 1919 to very 
Little rin 1932, about 105,000 pounds in 1936 and 50,000 pounds (value 
$4,929) Gin WPRins. The epianing pr : ing # 5 wi 
oh oo) The erep is diffieulkt taharvest and prepare for market. In> 
Chisia, ‘the mature stems are selected and cut, crushed, and cleaned by 
hance laljor, elie ensetoaiddeating ‘only 2 to 6 pounds ofverude fiber per’ . 
day. For donéstic ramie to«compete successfully with crude ‘inported 
ramke fiber, the ‘industry would have to be completely mechanized. 
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In spite of the disadvantages outlined, the beauty of the fiber 





and the fact that the plant may be readily grown in this country, par- 
ticularly in the Gulf States where recent yields have exceeded any re~. 
ported in the literature, Have stimulated research, 9... 

eiion.of jade’ «snarto PRB 

and mechanical Lines, as follows: 9 <5 « o 

waite: Dope Agronomie:researehs It has been shown that wranie may be 
raised with ¢60d'yielde tncthe:Gulf State’) particularly in Louisiana 
and Florida. ‘The ramie may also be easily eradicated.if a difierent . 
erop is desired. The usual varieties of ranie do not mature all the . 
stems at the same time and mechanical harvesting is therefore im. 
practical, an attempt is beinz wade to:produce a ranie plant that. 
will ripest uniferaly and yield fiber that is uniform with respect. to 
strengti or fineness —~ properties very desirable in textile fibers. 
“Lo. & 20° Harvesting and decortications: Research is in progress on 


| the development of harvesting and detorticating machines. 


3. Retting. The enzymatic retting of rauie to produce @ 
erude ribbon similar to imported China crass is being investigated. 

4. Spinning. The spinning process is being studied with the 
object of spinning the uneven lengths of ranie fiber cheaply and ef- 
Piciently. 

5e Nature of fiber. Some fundamental researci: is being done, 
both on the character of the fiber and on its use as a souree of very 
pure natural cellulose, 
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eal investigations should be made on ramie liber to determine the re- 
dation of joint structure and sarkings to its brittleness anc inabili- 
ty to withstana flexing, It should be deterzined whetner tois is a... 
basic fault.common tc all species of ramie or to what extent it re-. 
sults from the treatment received by the fiber during purifications 

In this connections see the section on Cellulose. 

2... Production and utilization. ii ine fundamental research on 
the value oi the fiber, is encouraging, further investigation should be 
wade.on the culture and production of ranle, cevelepusnt of decorticat— 
img machines, degumzing operations, possibility of.ecientifically con 
trolled bacterial.or ensywatie.retting, chemical troatmcnt.of fiber, 
A$, and cost, factors in relation to foreign competition, 
witha view to establishing.a vanie-liber industry in this country on 


a i POSE ie Res eaten ar Re aan Sg BNO Se sap amid, She peel at 





























Bi, 






Mes sles y 
ee 7 ‘ 
Sh gh rk Sa 








My 
ty 









Gates enh 
otuiaga aN ¢ 











(Pak? IZ) 


2H. 
a wit 





“Broomeorn is a’variéty of sorghum. It is unique among our 
agricultural products’in that the trust has*practieally only one use — 
the makins of brooms whiowAbbeeoime fhe stalk is left inthe field 
and’ séaesedd'ds used as feed ; although it is not very palatable. The 


fiber is of poorer quality if the seed is allowed to mature. The more 





extensive use of brooms ordinarily is not stimulated by lower prices. 
and the exsort markét is decidedly Limited, about 10 percent ofthe» 





Tie consumption of broomeorn is therefore so stable that any. 


variation in supply causes trehendous fluetuatioss in price. The 
average price received over the last 12 years has ranged from a low 
of £37 &°ton ‘in 1932 to’a high of $164 fér"the short ‘crop of -1934. 
Last year (1977) the ‘price avéraced approximately {70 a ton. This 7 
violent’ fluctuation in production and priées, and the heavy cash ex- 
pense necessary in harvestine”and preparing the brush makes broon- 
corn one’ of the most speculative of farm products. — 
the plant ‘will’ crow over most’ of the Tnited States, but: com= 
nerveial production is confined to relatively small areas im Okla~ 
homa, Célorado, Wew-Mexico, Kansas, Texas and Illinois. About 325,000 
acres of broomcorn are harvested annually. The yield of fiber ranges 
fron 30,000 to 50,000°tons with @ value ef frow Z to 5 million 
dollars.’ tigate t 
AOS OonCOPH ‘brdond have Had 16 meee steadily increasing competi- 
tion from vac! clednérs, carpet ‘sweepers, and pus brooms made fron 
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ing lises of work.are in progress: 
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tropical fibers. .This decrease in use and the fact that any varia- 


tion in supply causes great.fluctuations in price combine to make it 


very desirable that: another use for broomcorn fiber be found. Its 


high price .as.a raw saterial has in the past discouraged any research 


-Lornobher,tSeBei~ ioorskwed. 
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. Present.research-on broomcorn is almost entirely an attempt to 






ing with other sorghums. The follow 


somcern wiich will not tum red. 





1. <Gxperinente to develop 1 





the wedness is due to the presence of a natural red dye which appears 


following any injury to the plant. 

2. To develop broomcorn varieties with better brush — for 
example, without a center stem.-- 

3. To breed dwarf broomcorn with a handle long enough to 
carry the brash out of the boot. 

4. To grow a white-seeded variety with more palatable seeds. 

5. To obtain a variety with to tak on the chaff, since the 
chaff on broomcorn causes extreme itching and sores on the skin of 
those workings with it. 

The following lines of research are succested: 

1. Investigate the possibility of using the tough wear-resist- 
ing iiber for weaving, as in hats or mats. 

2. Develop a cheap method of bleaching the red discoloration 
of broomcorn. This discoloration does not greatly harm the broomeorn 


fiber but it lowers the market value greatly. 






Seti don oct Ome oeth @ 











<< 

3. Establish the identity of the red dye produced by the 
plant as an aid to the research on bleaching methods, 

4. Investigate the possibility of eliminating the fuzz on the 
seed chaff waich is so irritating to the skin that iit is possible some 
toxic principle is involved. 

5» Investigate the strueture and composition of the fiber for 
the purpose of explaining the qualities of toughness, resistance to 
wear and resistance to softening in water, all of which are much need- 
ed in cellulosic fabrics and structures of many kinds... 

6. Study the utilization of broomeorn stalks, now mostly 


wasted. 
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, 4a a tropdeal plant produced mainly im the Philippine Is- 
and, sisal will grew in the southern part of 
the United bhenids eit hawaii, However, tae expense of thelr pro~ 
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grow in the Southern States but probably could rict comete comercial- 


ly with lowcest jute imported from Indias In 1957 importa of jute 


amounted to 91,961 tons valued at $5,729,097, and imports of jute betis 


3¢ is doubtful whethor the commercial production of any of then would 
be profitable in the United stetess A féw of these plants are as fol~ 
Senge’ 





Indian hesp (dogbane), Apecynum ¢ 
oo Mettles, Urtica sp. ark Tr Pies 
le Bee tests” Ta 











$3,872,649, and imports éferin vegetal anounted to 6,079 tons valued 


at CR44 AIG 
- Kapok will grow in ‘the extrems southern part of Florida. Som 


‘of the palmettos preduce a fiber similar to erin vecetal. In each. 
‘eas@ the cost of production is on important factor preventing their. 
‘Gevelopnent in this country, Spanish mOsS, an epiphytic plant srow- 


ing on trees in the South, is used as a substitute for curled herse- 

















Aemet-Aessiant, 60-08 bed th Uhb menutacters of bruihes te 
or edneed Prom the eabbace ) palmettos Some slough grass is eat ‘lone 
the Mesiseippl Rivery dried, and used in matting manufacture. 

Some @aparto (151 tons in 1956, valued at $15,218) is imported 
partioularly for use as < papersmaking material, lUsparto anid elosely 
related grasses will grow in sontiern Califomia, However, the domes- 
tie praduct comet compete with the wild esparte, wich covers 12 te 
12 willion atrea in North Africa where it is gathered by cheap labor. 











mn Abeat 10,000tens of miscellaneous fibers of ainor importance 
valued wrt Natecdaas 8 ineluding cocanmet fiber, sunn te ‘ete., are im 





In general, research on fiber plants is concerned with attempts 
to obtain the fiber cheaply and te wilise the by-praiucts, The fol- 
lowing projects are active: — 

J) Sel, Studies to improve the retting of Spanish moss and to util~ 
ize the waste as fertilizer. An attempt has been made to isolate the 
organism responsible for the rettings 

Z. Investigation of the milkweed to determine the possibility 
of producing fiber from the stems and pods as well as other products 
and by-products such as “rubber latex, It is proposed to introduce 
milkweed for erosion control and to utilise the plant as source mate- 
riel for such products. 

Ss The use of brotex, Lavatera arborea, as a substitute for 
cotton has been quite thoroughly investigated both here and abroad, 


but the fiber has been found to bo unsatisfactory. 
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many of whieh are imported in considerable quantities. 
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a ae or fi of poss oes the factory - consumption of animal ard 
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| : > : Hn rydrocarbons, higher aleonols, ketones, antti~ and 
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t : : : 2 thts aoder$ She fn lowing: discussion of oie, fats, and wares is con 
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"RUD of the oils or tats 
drviadd ints” drying, raps depending on the 
kind and degree of sane didles erressis stestins fatty acids, or 
they'nay Be classiftad’as arping, ediBte, and Insdibie st1s, depending 
on their uses. flotever, theée are hot MEd Classifications since — 
unsaturation is nerely one of degree and intercrading is continuous, 
heres '¢ ate used Interchangeably in Beveral cates: 
Despite the inexactnesd of these class?fications, they are neverthe- 
less heweci ‘in <beroamegriy’ the common problems of the varions groups 
BP ofthe? orsontinn. - 

“thin a given classification, many 
ably.” Per example,” Sbttanteed, et) com, aw and similar | 
wo are used in vartovus anow 
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y olls are used interchance~ 
Kinds of soaps. Ip the fleld of 
hanse of ofls occurs and althsich ho two 
olle have viuattan's properties, by blending various eile finished” 
products” of Hints propertics ean be ‘Obtained. The — to which 
this interchanze of fats and olle ig possible depends 








tee ce es sks ear’ os at aR ae SF BSete: oi 0 coms Ro CC a a ee eee 
skill, and degree o onl develooment within a riven intustry. 
6 severe py ne, Ae a ee ey ap 





ice SOUR OR 8s mea ean “sud “es on ap eitiates 
in various institutions and industrial laboratoriés. ‘The projeste are 
if ad, and ‘range from fundamental Mudte¥ of thé structure 
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~~ eres “4 
of the fat mleevle through physiolevical investigations of “the fate 


of ingested fate in the animal organism, to pilot plant scale separa~ 


tien of derived acide and esters. These projects are as follows: 
le Study ofthe disposition of ingested fate and the notri-— 
tional value of individual fatty acids.” The question whother fate 
are directly vtiligdd of stered inthe warious fat depots of the 
aninal, to be withéraWn ai needed, io beine answered by the application 
hydrogen) fatty acidh and-by the apoliestion of absorption spectra, 
evidence is being obtained concerning the fate of ofl# and fate in ~ 
SY) Ry Sthdict of the wyntheste of various tone, aim, and trie 
oS By Tavestl gations of the loeterverature erystaliisation of 
and. ols, and. methods for their ddentification throweh the applicas 
tion of absorption spectra measurements. 
ey inv Anwostigetion of the eneymattc hydrolysis of snythetlc 
and natural clycerides and specifleity of. various enzyme prensrations © 
to accomplish this reaetion. © enatienk et Tarxehein tabke eet 
oe Sao e Stiutles of the nature and mechanism of oxidative rancidity 
from several different angles, inclixiiny the effect of metals, pie 








ments, Light, and moisture, as prosoxidants, and of phosphatides, =~ 


tecophercle, sterols, vitamins, ete., as anti-oxidants. 
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of fatty acids and esters and commercial production of 





highly unsaturated fractions of mixed acids. 
an’ o) Fe Bolecular distillation of fate and oll= both for the pur 
pose of s@parating the component @lycerides and for the removal of 
sterols, piements, vitamins, anti-oxidants, ete. . 
Bs York on the preparation of derivatives from fata, oils, 
acids, and osters. ©The addition of mercury acetate to etiyy] oleate 
has been successfully acoonplished and the product adapted - a= 
specific weed eradicator. “eactions with liquid ammonia and special 
oxidation agente, such as lead tetraacetate and periodic acid, are 
being studied. The preparation of hydroxy acids, ketones, and sitet san 
is being actively investigated and a number of the products have been 
shown to have valuable properties as “doping” agents in extreme pres~ 
study of metaliie soaps, modified fatty acids, and anti-oxidants for 
use in extreme prescure lubricants. Other laboratories are investi-~ 
gating anizal and vegetable fate and oils for the production of special 
9. Txperimonts on the controlled hydrogenation of fats and ols, 
ineluding a study of catalysts, carriers, promoters, cte.; also studies 
in the field of high-pressure hydrogenation of long-ehain fatty acta 
esters for the production of related aleshols. = 9 
85) (20s, The-refining of vegetable oils by means of absorption agents 
contained in packed colume followed by solvent recovery of the absorbed 


materials. 








a. wd 


i. Stand mot the eurrent analytical precedures for 
the examination of fetes and oils ani the detection of adulterante. 
» Oooo ieyvestication of the interfacial tension between cignents 
and oils andthe development of methods fer the deteraimation and 
measurement of this property, ami studies on mono and poly=molecular 
filns of fatty acids and oils, with especial reference to emulsions, etc. 

o° 43.6 Studies of:methode for the production of short-chain fatty 

acids from longer-chain naturally occurring fats and oils, especially 
for use in the manufacture of hard water soapd, alse on the general 
chemical conversion of both glycerides and fatty atids.%e more valuable 

14. The identification of fatty acids by the application of 
spectrétenpig: mettindm ew sitted for setececk a lis eet fous wore ao 
 ¥$« Investigation of yield, composition, properties, and possivle 
‘uses of ofls, fats, and waxes, especially those which are new or Little 

~ 16. Research on problems of the interchangeability of all fats 
and oils with particular emphasis on problexs involved in planting, . 
production, taxing,and trade agreements. — 
cu 9. Studies on prices, competition, ani interchangeability 





‘affecting the demands for oile by ‘the soap, paint,and drying oil, 
‘@Leomargarine and vegetable shortening, salad ofl,and other industries. 


18. Investigation of the food quality of fats including flavor, 
‘gtability, ahortening value;and géneral fod usess 
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a R45 
oe Be? Stites onmcthe use of aoaps to increase adhesion of bitunen 
for mineral ageregate and also for the more wiform dispersion of 
bitumen through soil particles in the treatment of roads. 

20, York on the » physicochemical properties of detergents 
agents, and dry-cleaning agenta, derived from fate ami oils. 
“Qke Yore on the use of oxidised or polymerised olls as _— 
tne ascents for many purposes. 
pigations on the preparation and properties of the 
peroxides of fatty acids containing more than 10 carbon atoms. These 
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The suggestions submitted for regearch on oil¢ and fata were co 
ennnite Meath Weilh:dtieng htt Suntetmhe ee a veniagt 46: Tet ans of: 
them. Those which pertain specifically to certain crops have been ~ 
included in the appropriate section. Those which could not be so - 
treated have been grouped under the general headings below. The gub- 
ject matter of each | 
gestions more pertinent to the general. topic listed than to any specific 
product. 4 brief introductory statement is included where necesnary to 
take clear the reasons which prompted the sugecestions. 





ia, therefore, a digest of all the sug- 


» Le Phgwienta.s din addition te the carotinolds which are elosely 
telated to vitamin Ay vegetable oils contain varying amounts of plant 
pigments concerning the nature of which Little is known. Since the 
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ee le De 
ir by meane of bleaching is an imeortant operation tn 
able ofls and since the color af the finished — 
ny consideratidn in tte salability, it is obvious © 
» Of the kind ‘and amount of the ‘pigments pr 















i Phe use of simmle and mixed solvents — 
een success sili sii to the separation of various constitu. 





attte and fractions from petrolem o11. Similar studies applied to 
vegetable otls doubtless would yield equally valuable results and 
ghevid, there srefore, be Investigated both on a laboratory and slot 


ae 





baie — and bleaching agents. A broad investization of 

“physicochemteal behavior of various earths, earbons,and other refine 

| ties ‘Pittering, and absorbing agents no doubt would yield valuable in- 

| sation applicable to bleaching, refining, and sinilar tedhnotingtoit 
on in the en and animal of? tntoeteys 











"he Uttamins, Most ofls and fats contain vitamins of one _ 
other and some olls are espetially rich in these substance 
mole, ‘vitamin Y is found abundantly in fish and animal liver 
ubter, while Vitamin F has been ah 
elable ——. in wheat “ar 








en ofle. Vitamin f, whieh has 
ekens for the iasiesrnenl oft wera : 
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‘occur in the mam 


‘do contain variable amounts of carotimids whitch semv. 
‘this vitamin. Por example, vitamin-A-starved animale when fed carotene 


nad O11 may be weed ahead of acetic acta to combi 


oh 246 
-~i10<« 


dan liver fate. Although the presence of vitarin A 
youally demonstrated in any vegetable ofl, most oils 






as precursors of 





have been shown to etore vitamin \ in their livers. Aleo, if absorption 
apectra data ean be trusted, the unsaponifiable matter from ofle contains 
eubstances elévely rélated ‘to vitamin 1, ‘Th view of these facts a very 





thorough investi cation of the Yitenth content of ‘ALL domestic ofls should 
be undertaken, 
“Tneestictdes. There has been an catia wtilizat tion of 


various ols as dngeeticide conditioners. Recent rogearch has indicated 





that certain chemical combinations of oils have high insecticidal value, 


and the oils alone in some cases are known to have some value as an ine 
secticide, but possibilities of their application have not been adequate- 
ly explored. 
bilities of utiltsation th the Inpedticidal field, efther directly as 
conditioners or in the ‘narmfacture of effective insecticides. Cotton 


1 MNne: 
Rag ie Poko tieae) 





2 o11, peamt ofl, and corn of] all have possi- 


~ peed ofl and cottonsesd_oil soap are known te have insecticidal value. 


then cottonseed off ts heated with sulphur, a chemical combination takes 
plaee arf the reaul ting Stiphurised of] and also the soap made from it 


have erhanced tneectictdal value. The fatty acids derived fron cottor- 








ne with copper and 


arsenite to form products analogous to paris creen weich are possessed 





of great sseabah eel value and are moh safer for application to deli- 





ithe possibtiities of the developnent: of cottonseed o11 
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and cobtonsead-of2 Soap, products, have not been adequately explored. 
Statler considerations are apliontte, to corn oils, tt has pose sug 
gested. that. a _ program, of. research to explore the Angectieidal possi 
bilities oF these plant oie be set a pomenhat as foL.ows: es 

(2) Constit tusnts of plant oils, especially those of cotton, 
,, peamats and COM, responsible for Boo insecticidal 
action of these oils their Asolations chemical ani 
: physical properties; and cemetiaeans action on various 
_ Ansects, He EES . 
-@) The inseotieidal. value of BORDS (onde with soddum 
: hydroxide, potassiua hydroxide, trie! nanoladine, ¢ 
__ ,Alaetyed, from theoe, of, ne | | 





©@ : , us (3), synthetics dard.ved. fron theae ¢ ails and thetr Anseeti- 
ee k ef cide. values, Reference is ande to compounds of copper, 
|, aruenie and the fatty acids derived fron these ofle 
(compounds analogous te paris green); to compounds rele 
_ by heating ofle with sulphur; and to hydrogenated, de- 
| " hydrogenated, acetylated, oe halogenated dativabtioen 
oe ee ie | 
| ) a . s _Shiprt-ohan fatty acids. with the e exoaption = milk tat, 
no fat or. oil. is obtainable An sufticient quantity other bhan coconut 
and pala-ieynel oils whieh contains sufficient short~chain fatty acids 
for the Papeete. of frec-lathering SORE, powders, and. creams, Sinse 
Lt ds unlikely that any ouch oils can be raised donestically the only 
7 possibility of ‘produsing thea in ‘the Geltes. states : is by means. of 
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agentes, and “Antermedtate: for Piawtion, ae 
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10. Leather. ‘The use of Milo. olls ne doubt could be extended 
sugh ‘beuiian Fae pri es Gates hy “eepecially to rew | 
place imparted’ ‘posonut “ell in fat “Stguorthg ee Sthar Sperations. “The | 
une of vegetable oils Es vith iyaiatias resins for F finishing leather 
sopeere i. ye ee Chee am ls for the most 
he ae ee ee ee er eC we ee 
substituting Gonestic oils’ for the Olive of] used in the textile industry. 
The piped of peanut and soybean ‘lls for this purpose “has “been ree: 
“Qa.” rin plate. “A similar substitute for oy bil weed in the tin- 
gus" induetry hes been suggested. Poth sin. 01 ahah. be pepionpad, Wy. ape 
trolled hydrogenation of a “Geblaa i = Re EI 
om eee “Taibber compounding. “A study of various natural and hydro~ 
aioe Ter wee ba eoreiace tor rubber plgusmte has been. suarested. 
ee Bio titerali. pains. te tae been athbed that a seareh ehovla 
fe ale tae ten-rellontng otte for wee tn emiaitying agents for sole 
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ot ive « coatings. “General otudies are waeded: on the 


varius 2 donertte 0 oils to ‘the # production 6 of t protective 











r gh a number of thoortes have been eroposed to 

ortgin’ of f tate ahd ofls in plants, almost nothing is 

| thea by which nature elavaratie si ‘substances 

Lor transforms ‘then in the animal body. Consequently | 
‘indamental processes would seen to be most desirable, 

although such research would be most difficult and slew of fruition. 
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‘ Aho ca dat rtiig bes et ai ae fatty acids” arene 
in each alyoertde agisdiis. Wo more fundamental or important research 
in “the ‘field "of fats and ofis could be undertaken than ai” —" 
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Gh," Wareta.” “Waboiv ie ts 
fraction of many ofle and cspectally so in the germ ofle ant soybean 
oll.” “Fodnadatal Wadis’on (hb Gielen ae lites oP tires 
present in v + tempeh incapepaanndlgnenicesimnd much needed infor 


_ oe the dooncsrense on Soybeans and Corn- 








‘) 
1 


me oe ere 


pation o ont My 





sae pit dh a ‘wtax the spt matter found 





e the identity, ocew= 
ine is know. — 





renee, and nature ‘of which n Little or 
of te eee oul ubwtances ets m ch | to hada 








a gare ea ARN, cy 2 poe i BH ee hee tears, i 





iat 
any 
ny 
4 


Ce 


M 
A 


i 
ve 
Me Y 





agid glyceriéos it is necessary to start with fatty acide which have 
beon derived from natural glyeerides. So-called neo-fats are now 
produced synthetically on a commercial scale by esterification of dis 
tilled fatty acid fractions derived fron the distillation of hydrolyzed 
natural: fate, It ig possible by this means to produce synthetic fate 
and ollg of any desired cegree of unssturation and, therefore, adapted 
to specific uses. Synthesis of esters of polyhydric alcohols other — 
than glycerine shovle be studied. 

os ale Distdllatiome®r glycerides, acics,and esters. Although both 

the molecular distillation of glycerides and ordinary distillation of 


- Nevertheless no such approach has been made or effort expended on 


natural: vegetable-oile as. has been the case with petrolem oil. A. 
fundamental. . physicochemical, investigation of the factors involved 
in the distillation of vegetable oile and their derived acids and 
osters’phould male possible far-reaching advances in the technology . 
and use of these productae: «=.» ©. 

» (RA OL drying. It has. been asserted that paint films, during. 
film emilsions. This effect cannot be attributed te. the solvents but 


apparently arises from some product of the drying reaction. This | 


where photographic emulsions. are produced. This phenomenon is typical 
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of out lack of knowledze of the mechanism of film formmtion. Although 


| a great deal of study has been devoted to this problem and numerous 
‘theories have been put forward to explain the phenomenon of dryinc, 


yet the whole process is obscure. A thorough etudy of the problen 
of film formation should be initiated torether with the — allied — 
process of heat bodying. — 


various amounts. Soybean oil tw especially rich in these substances. 
Despite the fact that considerable research has been conducted with 
less erude product derived from soybean oil, nevertheless considerably 
more study of the oceurrence, structure, and use of phosphatides is” 
desirable. ~ 


stanee or eubstanecs whieh protect them against oxidation, During 


the process of refining these substances are removed or destroyed: — 

with the result *that the refined ofl ig much more susceptible to oxt« | 
dation and tends to become rancid. Almost nothing is know concerning 
the identity or mature of these anti-oxidants, mech less the mechanism 

by which ‘they protect the of] against oxidation or their fate during 

refining. The same statement applice equally to prosexidants which — 

are known to oceur in certain oils. Since stability or keeping quality 

1a of prime importance in refined oils knowledze of the natural sont 
cementntnnenntepimabaabnaiatetanendesah vid 
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250 Gdorous constituents. Most crude oils ami many refined — 
terious, os iy from the standpoint of their use for edible pur 
poses» Typical of-such distinctive odors ani flavors are those of 
peanut, soybean, and corn oils. — Nothing is known concerning the identity 
ani nature of the le for these oders and flavors, 
lasthadieunehtipagednenen wattittntianeliiedahient to 
remove them.as completely as possible during the processes of refining 
and deodorisations It is obvious that a knowledge of the identity 
thede stesevel.end.thua:enhance the value of the finished product. 

‘ov 26. Reversion, Closely related to oxidation and natural odor 
and flavor probleme is one which, for want of a better term, is dasig- 











nated "reversion", feversion is usually defined as the development 


ef an off odor and flavor in an oil which has previously been refined, 
Dleached, and deodorized to produce a bland oil. ‘These off odors and . 
flavors have been variously described as fishy, painty, grassy, ete., . 
and are mre or less.characteristic of a specific oil, some oils being 
especially euseeptible to reversion, The problem of reversion is. 
extrencly important tothe whole edible-oil indwitry ani is in need 

of much study,.£rom.the standpoints of the mechanisn by which it ocews, 
are formed, and means of inhibiting or eliminating 
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| ioe ag well as free fatty avids and glycercl. 
Sines these free fatty acids must be removed during refining with 
resultant inereased cost for processing and loses of O11, tt is obvious 





that @ greater knowledye of the nature and mode of action of these — 
substances is not only desirable but of considerable economic importance. 


+ Physical vropertics. Despite the importanee of many of the 
physical propertics of vegetable oils which are of the utuost importa 





‘to the processiiig and consuming indwtries, Little information te avail- _ 


able concerning them or thelr variation with temperature and pressure. 


data are likewise knéwn for but few olla. ALL of these properties are — 
badly in neod of investi ation since the derived data are nest eebertie 
for the further extension of the uses of these materials. ‘The physico- 

chemieal approach to fai and 011 problems has been beeomthy inereasingly 





important in recent years and in the future will become even more so 
294 Rnalytieal bethods, Practically all of the methods ts we 
today for analyzing and characterising fats and ofls are empirteal 
rather than absolute. ‘They havé grown up over a period of years and 
position of these substances. Many of these methods are known to give 
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erroneous, or at best only approximate, information concerning the 

nature of a pertioular oil or fats ‘Perhaps the most important. 
emical property of @ fat or oil-is ite deerce of wmeateratien, yet 

no universally ‘applicable methed of determining this factor hae been 

devised. oherdeterminatton eof the anounts of saturated and unsaturated 

(solid and Liquid) acids is at present laborious and the reaults are 

of dubious ‘validity except under optimum conditidnes whith are fulfilled 

by few natural fats and olla. The investigation of éxisting metiieda: 

and development of more’ exact techniques of analysis are urgently 

needed!in.the field of fat chomistrys. The development and application 








of micrdsmethods! to fate’anivoils is especially'in need of investigation. — 


ol LOUBOe” Effect of chemical agents. From the viewpoint of fundamental 
themistry’4s well as of technology, fate and oils need to be investigated 
with regpeet to their reactivity with other substances. Since many fate 
contain various groups of reactive double bends as wll as other points 
ofatiack by chemical and physical agents they form excellent raw mater 
ials fof the preparation of mew and umuual produstss’ the literature 
contains isolated instances of attempts to study such roaetions but 

much remains’ to be déne before the field can be said to be completely 
“oh OORmbept! fokothe bromesderivatives little is known of the halogenated 
products, Huck the same condition te true concerning the effect of. 
oxidising reagents other than nitric acid, potassium permanganate, 


| atmosphorio oxygen, and ozome. Pven these studies bave been condined 
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The use of heat has been studied in polymerization reactions 
of fate and oils except in the case of castor of] ami a few others. . 
The effect of the application ef the electric current i almost 

“Some work has been carried out with reapeet to the action of 
wilt cit wishes dlectdn oud wave veeuitly of pheagheren on certate 
oils but little is known concerning the reactions whieh ocecur - even 
how to control them. The same applies to reactions with selenium, 
telluriun, arsenic, antinony, mercury, and their derivatives. 

Rashes tha week knew: biel technologically most important re- 
actions of fats and oils with strong mineral acids relate to the use 
of sulphuric and hydrochleric acids, Some work has been carried out 
with phosphoric acid, and as previously mentioned, with nitric acid 
but much of value might be accomplished by studying the effects of 
other acids and their anhydrides. 

Alkalies have long bcen used in refining operations and for 
saponification. Treatment with lime is an ancient practice and the 
ammonolysis of fate for the direct production of amides has been 
studied, but other alkalies including anmonia and amines should be 
more completely investirated. 

31. Plastics. Fundamental investigtion is seated of the re- 


action of oils, fate, and derived acids and esters with phthalic, 
maleic, adiple,and other sohbet. Similar atudies on their re~ 
in general are also necded. 
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‘6,306,000 tons: of: seed were crushed, , 





oon sanpGobbonseed  production,naturelly parallels that of lint cotton. 
Cotton is: produced in all the States of the South. | : 
ooltoneDuring! the-peried.1928~32, which was fairly typical, the total 
cottonsebd crop averaged 6-1/2 million tons annually. The record crop 
of 1937 amounted. to 8-1/3 million tons while that of 1936 was about 
one-third lesse:: . 
los The-priee received by farmers for,.cottonseed has been about 
$30.00°' ton in recent years. lowever, it dropped as low as %0.91, 
‘average tor ‘tthe year 1931, and during the 1937 Season averaged only 
19.69 a toms Cottonseed has returned the growers a gross income in 
the last .two years of 141. and 130 million dollars, respectively. In 
more. prosperous years cottonseed returned growers an income of about 
200 ‘million:dollars 4 year. 

°. Withinnthe last 50 years cottonseed has changed from the posi- 


tion of an agricultural waste to that of the source of the most impor- 


tant vegetableroil.consumed in the United States. The proportion of 


the seed production annually crushed in this country has increased 


from 5 percent in: 1876 to an average of SO percent for the past 25 


years. while Wee). is is pe + BR é Rais he “4 ; ies 
oc Lon The highest. produetion of cottonseed products was in 1926, when 





ing 1,&87,000,000 pounds of 


“oil and 2,240,000 tons of meal, .The average annual.farn value of the 


“cottonseed! crushed for the @-year period from 1922 to 1935.was 
 y93 366,000, oF. ase Teoarhe 
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oie yat,1937 cottonseed oil represented 26 percent of the estimated 


consumption of. primary fats and oils in foods and food products in, the 
United States.,..It. was exceeded only by butter. In the same year 





cottonseed oil, represented nearly one-third (1,716,622,000 pound 


oF Ch 


) af 





the, total. factory, consumption of all. primary fats and oils. Of this 





amount of cottonseed oil, over 90,percent (1,592,255,000 pounds) was 
used. for the manufacture of shortening, oleomargarine, and other 
edible products. Only 5,414,000 pounds were Seuateas in the soap 
industry. Small. amounts were used in the manufacture of paint and 
varnishes, printing inks, and miscellaneous products. 

ko th-Besides oil, cottonseed furnishes oil ake or meal, linters, 


and hulls. The cake or meal is used. almost. exclusively for, stock 


fecding, the linters as a source of cellulose, and the hulls as a . 


*iller in stock feeds, as a fertilizer, or as fuel at the crushing 
plants. Cottonseed hulls offer. many interesting possibilities as.a. 
source of intermediate products for industrial utilization. (See 
Agricultural-Wastese): oc oh toe 

Considerable, rescarch on the growth, production, and utiliza- 
ton. of eobtonseed. is in progress at. various, State experiment. stations 
and, Land. Grant, Colleges, and. by United States Government bureaus. 
Various laboratories overated by the processors and.consumers of 
cottonseed oil.and meg] likewise are,carrying on research that is more 


or less fundamental to, the industries concerned. .4 brief description | 





of. the nature of the reported research projects is given below: 
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bleaching techniques 
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. Genetic studies designe to increase the ; yield of protein 
POovVe the aw We im OL Lo 
py oil and decrease ae gossypol_ content of COPLGREOSH. 
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“ 
a) 


2. Studies on the effect of ‘environuent ‘and other tasters” on 
the quality and “composition 0: of cottonseed. aoe 

"a Investigation of the effect of storage, ‘nandling, « and 
deterioration on the ‘Dhount and qunlity of ‘oll and meat ditained “tren 
tne seed. os 
3 “ki Investigation of nethods of ‘sanpling and analysis. in 
conection with marketing, alike of te ‘elation of the variety of seed 
to the grade and ‘composition of the « cottonseed produced. | | 

bs Deteraination of the physical constants and chemical ¢ com 


\ 


position of cottonseed from probe dil sections of the ease States. 


Processing: 


- Studies on angie of inlsgemee ongi meats prior ve press- 
0 My for the’ fans ‘of fenionenp rs ‘the yield of aL: sale 


| 7s herr pe of hin olga we ssa preneurt, oun icannstvalerhiehe 


on the quality and yield of oil and ‘neal obtained from ‘cottonseed. 


“e Chemical studies of the processing of cottonseed oil and 


(ez : 


by-products for the purpose of pede a the qeality "ef hogy and 


x2 


reduction of refining losses. 


% Studies on ‘the ey yes of variates Conse Popstar ep ‘sub- 


Jecting the raw oat ‘eo Lage paleo clarification. 


1o Investigations of the methods and costs in present pore i 
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a) 


sevenoer Investigations ¢ on the utilization of cottonseed oil] to 
improve, the food value, of oleomargarine. 

Aa. Tpvqetigations . of the nature and cause of the flaver and _ 
stability of cottonseed o11 and derived preducts. 

Rindudete Sindies on Aig uibsgation. gf Ayczopeuabed Sottonseed press 
caxe ia sting manufacture of auto tires, belting anc other rubber pro- 
PEs weed 

14s Studies on refining, hydrogenation, and other treatment of | 
cottonseed oil to produce a superior shortening for the baking trade, 
with particular attention to stability, color, and physical factore. 

15. Investigation of the ulfonation of cottonseed of}, for use 
as @ Spray. and cubting . Olle a te sk ris Bes | mn 

16. Studies on the ici of textile finishing oils from 
cottonseed Ode ee eee mt . 

1’. Studies on the utilization of cottonseed, oil as @ soap 
ets, 0 Satie shiny wha nbd 
18. _ Studies on the use of cottonseed oil idee eontaining 
paradichlorobensene for insect control. 

19, Studies designed to improve the recovery of fatty acid 

ca Soy Lene oF aah yanmers, ment. ae A aenne OF ELiamin B 
complex. 

2i« . Investigation of the utilization of the pitch derived from 
the distillation of cottonseed oil fatty acids, which is now used for 
roof and similar heavy tar paints. This pitch contains isolable 


sterols. 
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‘eottonsecd meal, — as indus 





466 on the extraction of cottonseed proteins for 
comercial “ati ligation. tae oretent..orudie 
23. Studies on the extraction and utilization of gossypol from 


rial anti-oxidants and as insec- 





ticides: Puxrtier. shucdiles 


“Ty ; ae | me 
OS Be Study of thé organic nitrogen bases from the syrolysis of 





‘cottonseed meal. 


25. ‘Wierochemical studies of the oa ‘resins, and pentosans of 


26. Destructive distillation studies on cottonseed. = 


“ -" 84,” study of the catalytic effect of various metals upon free 


fatty acid content, Color, » and flavor of refined oil intended for ‘food 
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28. Fundamental investigation of enzymes in cottonseed meal: 
29, Investigation of the causé and type of variation in the 
protein, ofl, and gossysol contént of cottonseed; “also an investica- 


“tion of the nature and amount or the other chemital components present 


~ ‘te 3 


in cottonseed. © Gs. Vv 
» MNCLUGIO’ . FOR; PS gysougte) RESEREOE 





"-Snfig Pol ewing stiggestions have been submitted as possible pro- 


jects for investigation in the field of cottonseed utilization. 
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» Le »Extension,.of, the. present, studies. on the.development of 
Ly tor the. purpose, of of improving, the yield, ._ 
and quality of derived.oils and proteins. = 4) 6», 

“sent of cottonseed with sul~ 





cotton verietles es 





furie acid prior to planting for the purpose of reaoving linvers and 


softening the hull to permit better moisture penetration and germin~ 





ation of) the seeds... 
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3+, Complete determination of the chemical composition of 
cottonseed upon the basis of species, variety, and strains, including 
the determination of gossypol.and other ¢ 


ant, an, nutr, ltion. 6 the typeoat 
odes ore thorough study on the effect of comsercial fertiligers 


ate 
pasa 


and ted fer Heahers, on the chemical composition of the seed.. 
ote Toergegh Study, of the influence of. physiological and eco- 
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i» vein A@omprehensive study ofthe effect of storage of cotton- 
seed, including. ; 
@ content, etc..on the quality, anc ylele o. 
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‘9. Engineering studies of the process of delinting cottonseed 
with a;view to improving present machines and practices, 9 x. 

a) (51OeReseareh: to,improve methods of hulling, softening, press- 
ing, and other. treatments to increase the yield of oil, . 

‘dl. Studies on methods of rehydrating excessively dry cotton=:: 
seed from the Southwest prior,;to crushing, im order to increase the 
yield of. otlaycetice 

nde 12, investigation of means for improving refining, bleaching, - 
and. deodoriging methods, with especial attention to reduction in the 
eeptoessblbasbingrs) i. chewistry, chyeics, and t 

13. Study of the controlled hydrogenation of: cottonseed. oil, »-. 

especially with respect to the typerof cetalyst.useds., vs 

| 4>hde Studies cm the blending-of partially hydrogenated cotton- 
seed oil with,palmoil.as substitutes: for straichb-palm oil in thes, 
tin-plate, rubber, lubrication, and:other industries. 

15, General investigation of the stability of hydrogenated and 
unhydrogenated cottonseed oil, with especial reference to extending 
its,use in the baking and fryine industries, 

16. Investigation of the production and use of cottonseéd oil 
fatty |acida in the preparation of soaps, greases, and lubricants, and 
in the amhydrogenated state-as a finishing and penetrating»oil. ) 

oo Oi¥aco Further studies onthe: pyrolysis of cottonseed:oil, meal, 
and hulls with special emphasis on the isolation, identification, and 
use of the products formed and particularly of the hydrocarbon fraction 


for use as lubricants. 
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1é. Studies to improve the processes of preparing cottonseed _ 


flour for use in the human diet, especially for use in diabetic foods 
EPROM Paul, 


and to PRPS, the texture one volume of sO Ee cotts 
Pfee 19. _ investigation of the use of cottonseed hulls in insulating 


“averials and wallboard, ana for the production of furfural and other 


industrial Products. {See Agricultural Wastes.) 


B00. Investigation of the composition ane possible. uses of the , 


condensible constituents produced during the daaduriection of cotton— 


seed oils 





ale Determination of various fundamental physical characteris- 


ties of SR POROSS, oil and its Serived products... Le Gey. viscosity, 


surface tension, coefficient of expansion, diehentria constant, etc., 
and their variation with temperature. 

22 Investigations on the separation and use of phosphatides, 
sterols, and related products from cottonseed oil. 

230 Studies on the dehydrogenation of cottonseed oil to give it 


drying properties, including possible addition of acetylenic com- 


| pounds ° 


eh. Investigation of the deodorization of cottonseed oii for 
textile finishing. 

25. Fandamental investigations of the effect of metals, includ- 
ing flashed and heat treatment surfaces, on the color, flavor, and 


stability of cottonseed oil. 
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Study of the improvement in methods of analysis of cotton- 
ie are grown in @li of the Southern States. The vitas 
seed Oil. 4 
are used for forage and the ‘pats for attest end wheen feed snd Por 
27. Fundamental study of the pigments in cottonseed cil and the 
cll. tn 9639, 2, 562, O00 aties of peamrte wero growh, Of whieh 
effect a processing temperatures on these substances. 
i ses acres were harvested for wuts. ‘The fare valee of this eye, 
aoa on the ‘isolation, identification, | ane, uses of 
wa5 A at ‘the oc y inportant types are the lerye~* 
cottonseed protein, especially for the preparation of amino acids 
codded Virsinis fimeh and fummer ana the smal t~podtied Spanish pes pects Sa 
utilization in plastics, as a stabilizer in asphalt emilsions, orchard 
Of the total crop of 1,321,000, 000 pounds ‘harvested Tor vie 
and other emulsions and guspensions, | 
in Tn 1087, approximately 240,000,000 pounds were crushed for ell. 
29. Further studies on the chemistry and use of gossypol = of 
Some of the remainder was used for Psed and feed, bot the bula oF 
‘he pigments occurring in cottonseed, 
the crew was used for human consusiption in the form of reasted 
or complete study of the relationship between sorghological 
salted mits, eas peanut ‘butter, In camies, ete. The net aaiertin'’ die. 
and histological characteristics and chemical composition. 
appearance of pearmmt. oll for the fiveal year ended Sepiester = 











1937, wis 114, 843, O80 pounds: » ox which 77, S80, 000 penuuly wate Gop hiet 
Prom dowes'ic mts. “Daring ‘this period nat “mberta ef oe os olyt: 
55,727,000 pounds, most of whieh dese Craw te oetlt@ lands we co. 
The oft belongs to the Rondyyide wléar. dusedtdiedey SA 9 piney 
of the factory consumption of paied! at MW wore SE te “LeOtor ian 
of shortening, olecmarcertna, nat dither etic ougiiec 

ee the peanut ink Sarees Gis Et. octemide 
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are used for forage and the nuts for animal and human food and for 
oil. In 1937, 2, 562, 000 acres of peanuts were grow, of which — 

1 5653, 000 acres were harvested for nuts. The farm value ofthis crop 
was “$21,455,000. The commercially important ‘types are the lerze-— 
podded Virginia Bunch and Runner and the: small-podded ‘Spanish peanuts. 
OF the total erop of 1,321,000,000 pounds harvested’ for nuts 
in 1937, approximately 240,000,000 pounds were crushed for oil. 
Some of the remainder was used for seed and feed, but the bulk of 
the crop wan used for human consumption in the form of roasted or 
gutted tats, “he posnae watiae Wa "Gadi do SES ee Rar dis 
sepentonce ‘of peanut oil for the fiscal year ended September 30, 
1937, was 114,843,000 pounds, of which "77;880,000 "pounds were derived 
from domestic nuts. During this peridd net imports of the of were 
555 747,000 pounds, “nost of which came from the Netherlands and China. 
The oil elence to the nondrying class. Approximately 00 percent 
of the factory consumption of peanut of] is used for the mamifacture 
of shortening ‘ ‘oleomargarine, . and other edible products. 
As ‘the peanut is a lemminous plant, it is potentially a 
seit battaer. “When héeeing-oft is practiced there is wioubtedly 
an inerease in the nitrogen content of the soil, but when the erop 
is ; Bpvastad for nuts and hay, soil ‘aepletion octurs. | 

‘The ‘Seliea its ‘yield approximately 35 pereent of1 and 65 

percent meat ie LY ae Chea almost entirely as a high-protein 
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feed for. livestock. The hulls have had some use as a mild abra- 
sive in burnishing steel and. tin plate, and are sometimes used as 
an adulterant in stock feeds. It has been demonstrated that many: 
products can be made from peanuts. Some which have received pub— 
liecity are breakfast foods, high-protein flour, vegetable milk, ice-~- 
cream powters, stoek feeds in various combinations, dyes, inks, 
cosmetics, medicinals, etc. Nevertheless, the crop is grown almost 
exclusively for food or feed. 

PRESENT RESEARCH 





Research is being done on peanuts in a number of places, 
especially on breeding, as a legume in crop rotation, and on gen- 
eral problems; but there is need for further extensive researeh 
work. In the South, where oil has been pressed from cottonseed for 
more than half a century, it is natural that equipment and methods 
of processing and utilization developed for cottonseed are being 
used and adapted to peanuts and peanut oil. The increase in the 
amount. of peanuts crushed for oil im the past 2 years, however, 
has focused attention on methods specifically adapted to this crop. 


The following research projects are in progress: 





1. ‘Genetic and agronomic investigations for the improvement 
of peanut varieties and their regional adaptation and place in crop 
rotation, especially with respect to their utilization for food, « 
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2 —_— dl diseases and sagen hagiees and wesheds — . 
their control or elimination. : sr : : ns 

ae The investigation of the > efficiency and matritive value 
of 9 peamit ‘and of peamt products as ‘feeds for poultry and live- 
stock, Anelnding ou effects of peansts -_ peanut products on 1 the 
quality of pork, ‘deef, uniier, egcs 5 aa har products, > as well 
as “the general effect be -ne the heaton of the begga 

rm A study of possible methods of " Amproving | the flavor of 
peamts and derived nrxhunte. ay 

a. Analysis of panes kobe the price of pecunte and 
investigation of the coupetition and Interehangeability ¢ of ether 
fats and oils with » peanut 9 oil. “i 

is as rt study of methods for improving sane gah and nutri- 

tive > value of nargarine ‘nade from peanut oil. 

a Investigation of nethods of elarifieation a and reuse of 
peanut ‘oil used in frying potato hips. | | 

page ie | Utilisation of peamts: and nd peanut by brpromets, pees eee 

Ser the production of industrial raw naterials. ' 

9. Studies of peamts and peanut products in relation to | 
pellagra am ‘certain vosirieted Snanen diets. 
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Peanuts and peamt oil enjoy definite places @ as : Food products. 
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The oil is siniler in chemical characteristics to a mee ‘of extensively 
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prediced: nondrying oils. It will probably not be used extensively 


except for food uses eon fey more definite fundamental and tech- 


nological chemical advancements are made with respect to the oil and 


its derived fatty ice. Snopestions pertaining te research on 
peanuts = peanut products | have been made as follows: 





eas a | greatly enlarged and more extensive and intensive 
breeding progran, ‘ineluding close study of the ee and ee 


of the plant. 


2, Contimmation of the agronomic investigations for the 
improvement of oaaeek ‘warieties and their regional adaptation and 
Mixes in Seep hation, capelalty with raapert tn thecr oi iioxtion 
for food, | feed, and industrial parporsd. 

3. A study to determine the reasons for the nonadaptability 
of certain types of peanuts to varying conditions, paying particular 
attention to the relationship, if any, of photosynthesis and carbo~ 
hydrate metabolism ‘to nitrogen assimilation and to the effect of 


temperature, » light, and moisture upon these processes. 


i. Increased emphasis — reduction of costs by improving 
present machinery and methods used in sieeve stacking, curing, 
and “handling. 

| 5s " Development of methods of lifting the whole peanut plant 
from the soil, ‘drying it quickly, artificially if necessary, and 
grinding it into meal for stock feeding. 
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6. . Investigation of the effect. of extraction and refining 
methods on quality and yield of oil. 

7. Investigation of the various nonoil contaminants of 
peanut oil and utilization of this knowledge for improvement in 
methods of processing the oil. 

Utilization: 

8. Investigation of methods of treatment to make peanut oil 
suitable for use as a textile lubricant in the place of imported 
tea-seed and olive oils. 

9. Investigation of modification of the properties of pea- 
nut oil by both physical and chemical treatments to broaden its 
utilization, especially in new non-food applications. 

10. Investigation of the factors which cause deterioration 
of peanuts and peanut oil in storage. 

ll. A study of the composition and the fundamental physical 
and chemical constants of peanut oil for the purpose of determining 
its value for specific uses, such as, for example, in the finishing 
of leathers. 

12. An investigation of the suitability of the proteins of 
peanut meal and flour for non-food uses, especially for the manufac-— 
ture of plastics. 

13. Reconsideration of the use of peanut hulls as a source 
of pentosans, cellulose, ete. (See Agricultural Wastes.) 
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14. Investigation of the nature and amount of sterols, 
phospholipids, and related substances present in peanut oil. 
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| low Se Yamgeed ylokdeLinsced ofl) which is.the principal drying... 
otk weellcin tee paint amiowarnish, linodleun and oilcloth, ami arint- 
{hyo ink trdestriess)Soze Mnseed ot} Ls uscd aleo in edible, eoep,— 
ahd Miveelianeous oredectss. Flaxseed is an important cash crep in 
Minnesota and Porth Dakota, anda grown also in South: Dekota, = 

|  +Mabiferhta,ivontans, “ansas, and several other States. It is not 

: a surolun crop. The peak of all-time doseptice: procuction sas 


reached im 1902/2, when 31,220,000 bushels were produced with a fara 





ee value of 6,019,005 .jnipetent years drought andjinsects have re~ 
duced production drasticallyiin the principal flaxgecd-producing 

D area. TRDORS Cakyl 656615000" pulela.wereprodunnd with a fare value 
Of 29)629,000.'- The total net supply for domestic consumption, inch. 
trig) Inport, eas 26, 195,000 buhels: in. 2924 wmtk 235506,000. bumbela- in 
sonsumption. This unavoidable decrease in terest le production has. led 
to inerease’ diportation ef foreign Maxneed and Limeed ofl and.tay. 
the ust of gubstitutmeils, Met imparts iiuring the pact 10, years; 
Naive Fungdd (fiom a Jlow'of about 6 million bushels: im1932 to a high 
of 26mill tor bushels in 1936a.:, 
1337/4 oh) Mom dpele. © Theeerap of: 1937 amounted to 65974,000....: 
bushele, and that of 1938 is estimated at slichtly under § million 





bushels. In recent yoars flaxseed has brought growers a gross in- 
2 come of about 6 million to 20 million dollars. The average price | 














received by farmer's has 
Lasts years, “Flaxseed is harvested in late sumer, begins to move 


O74 


2 le 2 aw 


ged from't2i42 to 91.90's bushel In the 





te mrket in-volime during Magust, and reaches its peak «ovement in 


(soc) oofRe°earrysever ef flaxseed during the last 3 years has been 





LS. OL. Lor Tay Ly 1936 Lat 3,331 
daly 1, WFP sky 3,339 
for tae pugyageg, agbee Serr Bo oo erga 
O°) féwine the last gentury flex wae considered as limited to a 
a crop on account of its lack of resistance to the 
wilt diséass. With the sélection of wilt-resistant Mazes, its pro~ 
duction area has been stabilised in the Northwest. ‘There is a censral 





“eeire for an intreade in domestic production of Linseed off and an 


sent Of domestié of] quality through plant breeding. Thus far, 
p0ed Slax has been the only field crop yielding a highly unsaturated 
oil that has lent itself to comasreial production under the American 
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as a proteifsupplenents oLittie.or no attempt has: been. made. to, use 
itfor industrial: purposes. Yosh of the agricultural research now 
vari¢ties for nigh ell.content.dnitae seed, biguequality.oil, disease 
resistance inthe plant, anc desirable agronomic characteristics 
(auth as seeding, plant height, and high yielding capacity), and 
the d¢etoraination of best cultural practices. vost ef the industrial 
rescarches Tow being mace are related to inpre: 
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ie. in processing 


 Bhepeed,oil for uce in the formulation of protective coatings. 


onooryaiter the. purpeses of the Survey the present research falls ., 
largely inte the following groups: Agricultural rescarchy processing; 
utilisation; ani fundcamentel rasoarch in chemistry, piyeles, and _ 
tectnologys: | The agricultnral investigations have been made in the 
State Agricultural ixperiment Stations and the United States. Jepart- 
tentoadtericulture; abilemost'of the, technologicnl developronts 


baye come. fran industrial laboratorics. 





Seheritance of seed: siec, seed color, o11 content. of seed, oi]. quality, 
— plant characters associated with the economic deranis of 
i, hi) Vite Tie biweding of.flex for iaproved yield, quality, and. 
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ien.of the rate of ceposition af oll and the 
osition, and characteristics 
i-grom wader definite and controlied 
iia, ie _ vapid ana veliable methods for dcternining | 
amare lal.walue of flamseed, is Ge, the quantity and quality of 
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Sm 
with respect to oil content ef seed, iodine mumber of o11, yield,. 
and certain climtic fectare for the purpose of determining the 
limits of econenie production in the principal producing area. 
Pencimelvies voy Gomaare whl amd Ye eebs ; tntcat for tone [ies ee 
vi, We Envestigation of the methoijs and econozics of process- 
sec for the. recovery of cil and of the eftect of process~ 


ing nethodse on the quality of the oil and meal prodweds.. -. 








and bleaching lingzeed oil and of treating the raw oil for producing 
bolled, blown, bodied, stand, "topefired,” and other specially .. 
processed Linseed oils for the many purposes for which they are vaed. 
ood olbSeoc¥biization ef Linseed oils, alone and blended with other 
oils, im the formulation of protective coatings, linoleum, of1 cloth, 
16. Investigation on the chemical mechanism of and the 
effect of processing om the yellowing of linseed oii in paint, var- 
oo Deo Studyoet Linseed of] files: (1). Pifeet on the fila. 
character of bodying and types and proportions of driers; (2) drying 
propertics and stability of films under accelerated weathering con- 
ditions; (3) rate of oxygen absorption and rate of decomposition of 
oxidised and polymerized filmss (4) the mechanism of drying, peroxide 
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pro~ and anti-oxidants on drying and decomsositicn rates; (5) the 


(ere eta ibe $3 The 


wien alteration of Linséed of} - 








19 Pevelogeent of improved an’ new methods for testing and 
evaluating érying oils and protective coatings eantaining them. > 
arison of the propertics of synthetic xlycerices with 
those of glycerides derived from natural oils. > 





vooeydlye : Investigation of the chenistry of unsaturated fatty acids 

and their identification ami quantitative determination by chemical 
» 22. Stedy of interfacial tension beteeen pigments and oils, 

including development of methods for measuring this property. 

‘Flax hae been comeidered a relatively temporary pioneer or 

neweland eros and consequently research relative to its prodvction 

has been. inadequately supported. Investigation of the fundarental 

chemiotry of the o11 and meal also has lacged. Sith adequate re-~ 

search increased mand extended uses, especially for specific 

purposes, shovld be fertheoming. |. 
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on of the genetic etudies and brecding of 
ristics as disease resistance, high yield, high o11 content 


and oil quality Of seed, and adaptation to wider ranges of production. 


@ the quality of the domestic Linseed-oil supply. 
26 fA @etalled investication of the chemical composition and 
the physlolocy of the flax plant for the purpose of determining the. 
fertility requireients and the factors cortributing te disease re- 
sistance and to the formtion of highly uneaturated of] in the seeds 





3e Further furndamontal studies of the recovery of Linseed  - 

oll from flaxseed by preas, expeller, ani extraction methods, includ- 

ing @ etudy Of the economics of production and the quality of the 
"Ge Further investigation of the chemical mechartisa of the — 

yellowing Of Lingeed-oil film and scans for its prevention. 

SOP sPoR further study of the chemistry and physics of the 

linseed<oil film during and after drying, for ‘the parpose of dew §- 

termining the relative value of different driers and the effect of 

Oil ‘precessing ani'the constituent faity acids on the rate of drying, 








fication of the _——— oduetiion of short~chain fatty 








able ‘matter, phospholipids, and sterols, 
in eateinitee and the development of new uses for these products. 

; of new usee for linseed oil, linseed—oll 
fatty acids, and their derivatives as textile ene detergents j 
and other industrial 
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pers ‘Gy » Development of processes for the treatment or formulation 
of linseed o11 to replace tung o11 in varnishes and enamels. 

10. An exhaustive investigation of the proteins and etal 
nous substances in linsecd meal with the object of developing new 


industrial uses for thems 





u. Investigations of laboratory and industrial methods for 
separation of the individual fatty acids of linseed oi] and recombine 

| | ing them with glycerol to sroduce synthetic oils of superior drying 
| properties. 

12. Fxtengion of the investigation on the structure, identifica- 
tion, and estimation of fatty acids of lineeed oi] by chemleal and 
apectroseopic means. 

13. Investigation of the fundamental chemical and physical 

| -» properties of iad and processed or treated Linseed oil, such as surface 


tension, viscosity, coefficient of expansion, etc. 
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sine Liao ‘been able to Mnd sutlels for the products and by-products 
derived dn procebstag gh geod, lowiver, * ‘ts price obtuined by the 
farney ‘Yor hia bene and that received by the probessor » for the Ske 
rived products hay varied ‘considerably fron your to year. The ‘fluctun~ 


then io ‘prices has’ been partied Ly influenced yy Pectous ether thas 


toad vita cin be entirely rélated ‘te the Soste of produstiée ‘and pita 
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Part of thia variation ts price doubtlesz san be atiniiated to 
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~ Gultivation of vapnciae "a as a 2 sol1-improvenent r hay, or eh ag : 

shod crop ne become ‘increasingly important 46 American agriculture ‘ 
especially during ‘the last 40 years. “Production of beans for seed and 
crushing increased Prom about 2,288,000 bushels in 1917 to 45,272,000 
bushels in . 1987, and 57, 608, 000 bushels in 1988, In 1917 less than 
500,000 acres were devoted to the “prowling of pe ey for all purposes, 
In 1987 ihe ener of acres of soybeans grown was 7,005,000, of which 
2,549,000 acres were harvested for beans. In 1938 the total acreage 
was 1,708, 000, of which 2,098, 900 acres were harvested for beans. 

re Despite this ‘Tisrosbe in production, the farmer has exper idneed 
little aisticulty in disposing of his crep and industry has at the 
same time been able to find outlets for the produets and by-products 
derivea in processing the seed. However , the price obtained by the 
farner for his beans and that received by the processor for the de~ 9 
rived products has varied considerably Poo year to years The Pictun- 
tiga in prices has been partially influmneed by factors other than 
thoes: wich can be entirely related to the costs of production and “ea 
cessing, > or 'e the relative production of beans and competing « sources 
of ofl or of meal and tl, tyne eats cam 

m Part of this variation in price doubtless can be attributed to 
difficulties in adapting the derived profuets to apenific uses, indus= 
trial as ‘well: as “food ‘aad feed. These difficulties merely Yeflact. a P 
lack of fundanental mowledge concerning the chenical, physical, ay 
Hlolecieal, ee mtritiinet ropertt ea oF eroduets ‘derivable ‘fren (he 
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beans, as well as 4 similar lack ‘of knowledge concerning the agronomic 
and genetic’ characters of the plant; and to a lesser extent tite best 
methods of harvesting, ‘storing, and hpi! the seed. 


“The ‘produets derived from soybeans consist principally of meal 





and oil, from thé latter of wath my be derived minor products such 
as phosphatides and sterols. The beans also contain 1015 percent of 


orjeteTiteapye sugire which hg with the cellulose are usually — 


to be found in the meal. 
At present the bulk of the meal is fed to livestock while minor 
saoente are consumed as human food in a wide variety of products such 
as ‘bakety goods, candy, diabetic ‘foods, meat sauce, beer, noodles, — 


, sausage filter, ete, Only very small anounts of the meal or derived 


protein is used industrially ‘as sising for paper and textiles, adhe- 
Sives, plastics, foundry cores, ete. On the other hand, the bulk of 
the ofl ig hydrogenated for the production of vegetable shortening and 
oleonargarine, , or refined for use as a salad ofl. Approximately 10. 
percent of the oil finds its way into the drying-oil industry for use 


in ‘the preparat on of paints, varnishes, synthetic resins, printing 
inks, Ltholeums, and oil eloth, and a still smaller pertentage is con- 





sumed in the trp ‘of wp comainecsitaed greases, core bind- 
ers, ete. | 
’ PRESENT RESEARCH 


ee ler? wihteeen is — ing conducted at the present time in 
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Sing and solvent extraction. ‘In either vase the 
‘Beane ‘are’ ‘eracked, — and conditioned with haneonisag to moisture 
and temperature prior to the sepa : sal 











it pSsanced 
by either of these lesenaal — — doped as feed for Live 





“stock or “proces aa 
digestibility, The off ts Usually clariht 
“thg"ene ‘may or may not be further refined, bleached and deddorized™ 











prior to its entrance into industrial ctianné 
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i By of ere soil and fertiliser treatment, environmental 
factors and rel "ae" ‘maturity on ‘ytina, and chemteal connaineineill 
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5. Investigations of the relations ef color of seedcost and 

effect, of seedeoat, injur 
composition of beans. 

de, Investigation of the chemical. composition and.industrial .. 

uges of different varieties of so 

also the extraction of phospholipides from the oil. 

., Se Ana 





0m the gerainmation, growth, storage, and _ 


$.and their derived products; 








; of soybeana to determine the variation in chemical 
composition resulting from differences in variety, soil type, ferti~ 
lizer treatment,and other cultural conditions. 

Be dindies of the, typeof equipment and methods of harvesting 
on the yiele, quality,and composition of soybeans. 

4. Investigation of the relative values of soybeans for forage, 
‘emit seed, am vegetable purposes; also the food quality of such 

: oybean milk, milk curd, and milk residue. 

a. “Miia on the respiration of soybeans, and Ahe effect of 
storage methods and environment on the cermination, composition, and 
chemical and physical properties of the beans and their derived pro- _ 
GUCRHs 50 Studiee.of the drying rate and durability of reaultant 
9. Study..of the quantity end quality of oil and protein in soy- 
pean in relation to, grading factors. defined in, the Us Ss Standards. 

240. Analysis of the factors affecting prices of soybeans,and » 
the investigation of the competition and interchangeability of other 
fate and ols with soybean Olle) oon points | 











(Als Studies.on. the variation.in the release of oil by different 
varieties of soybeans and by the use of different solvents; also simi- 
lar studies with respect to the water-soluble protein, 
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fo GF 
of th idMe: Studies, of, the design. specification, and installation, of 
i lant scale. equipment .for, both the nye asae-ane solvent-extrac= 
tion methodse the formulatio, drying rate, ficse retention, 
7 ote: Processing of beans under contrelled. conditions to provide 


, dd. Investigation of thecffeet of yarious,golvents and condi- 








tions of operationonthe yield and quality of meal and oil for spe- 


cial industriel 
sojie, 1S» Heat treatment of solvent extracted meal to improve its di~ 
gestibility.aa.a, livestock, feed... began © 1 aga core-binding nate 

, 16. Inveatigations,of)the effects of variations in processing 
(including refining, bleaching,and deocorizing) on the physical and 





chemical properties \of soybean,oll, especially coler and odors — - 





17. investication.of methods of improving, the drying property 


of soybean.oil by chemical and physical methods, including treatment... 


with oxidizing agents, acylation, use of catalysts, heat bodying, etc. 
coon odBe Studies of the drying rate.and durability of resultant -- 
filus.of mixtures.of soybean oi} with tung, perillay linseed, \oibici- 
ca, heapseed,and similar oils, before and after high temerature.. 

) pamiods. Investigation in this field has led to 


1 of commercial paints containing up to 55 per- 











— cant. pe gs gow lt RAF bara paints with soybean and perilla 


ihe PORE 04 see eat RAF apseed. ‘oils, and some 
aluminum paint: for interior and Grenier ured). 4 commidariale neat. 
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oF this 19 is also used in oil nixtures for the . prseasek ee of so~ 


ante: 


called ‘second ine house paints. | 
7 Db. Seaton on gos tormciation, Peron rate, vigne vehentiate 
water resistance ’ Gupeha ht ty. and related properties of paints, var— 


nishes, and interior enanels produced with soybean ald, and with 1 mix : 


tures of soybean and other more rapid drying Oils. 


20. Investigation of ‘the production, properties ¥ “a uses of 


syntnetie resins derived fro s soybean oil and from 2 soybean « oil ay 


acide. 

| : al. s stuites of the use of soybean oil as a core-binding. mate 
rial for use in foundry work. 

a 22. Investigation of the effects of ‘temerature, P pressure , and 
catalysts in the selective hydrogenation of soybean oil and their re- 
lation to ‘the stability of the finished product. 

Be Studies in the sulphation and phosphorisation of soybean 
oil for use as a fat-Liquoring oil and as & driving oil for the soake 
ing of silk an the place of imported olive oil. work thus far has 


been confined to a study of the degree of sulphation and nethods of 


neutralizing ana washing the oil after treatment with eulphurie acid. 
Re Investigation of the. use of : soybean oil in soft soaps and 


special detergent agentes m 
Be Separation of phoszhatides and sterols fron crude soybean 


oil y various nethods and studies on the uses of crude and seuipuri— 


é ied Phosphatides a fat steht Lisers, emulsifying agents, etc. 

26. Studies on the effect of fwhesn. oil dn admixtures of bitu- 
materials anc as primers to improve the surface properties of _ 
hydrophilic stones to prevent stripping of asphalt in pavements. 
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tions of soybean geciesn ton aes in the v reeense of synthetic f: 
Studies of the effect of variation of viscosity, lLon cosentration, 
sed aging of protein eelktions in fiber grinding operations, 
ee nee ee or golden color in pena 
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- Pg. 
geste Leos mach more indernetden is needed in order to make the best 
use ‘of tds agricultural erope “Bopertence ¢ to date clearly denon 
“ee. that at is possitile, on ‘the basis of & ‘broader fundamental” 
knowledge of the composition, ‘nutritive ‘value, " “dnd, sheudoal end phy 
sical mropertios of ine —— and its derived aban to acing it 
to a wide variety of | new usese ‘The following sugested ‘yeoverdl, ‘which 
is ot at present fn progress, or ‘is at best only Anadequately prose~ 
cuted, is indicative of the type of ‘information which is needed in 


order to > extend and broaden ‘the uses for ee eamoditien. ss 





. ‘Me soot. of mand of using edible soybeans in Southern 
facts : ™ Y stud we 4 | | See 
era: stuchos ‘on otter es of " debittering saybannn ishanded 
for fond and food « uses. | 

ry feneval of the odor er ‘soybean yong intended for use as a 
fommyroduetng agent ineluding a “study of the differences in exnéll~ 
er, noneeleshalesolvent extracted, and alechol-solvent ‘satwestes 
weals for use as 2 foaning agent in beers | oo 

a 5. Development of & less hygrescerte £ flow for ' use ‘ pre Bee 

ie Preparation of special carbolydrates for pharmaceutical USE» 
Nhe Te further studies on the shipping and creaning properties of 
saybean protein for use An creas flings in confectionery. | 

‘ Bs Tnvest gation of uethods for ‘the detection of ecybear meal, 
or protein w whieh has been Ancorperated in various food | products ; 
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the Ron. Rrapennliany-AF proteins and protein solutions ef uniform. 


.. Of adhesives, and for use in spinn- 





~ fiber ss, etnias 
on, Pe Study. of. the physical and chemical properties of soybean | 
protein whic 
Al. Study of methods to improve the solubility of soybean pro- 
ing operations. ? 
syne Zawestigetion of the use of soybean meal and protein for 
filling, and. finishing leather, compounding with rubber,and for the pro- 
m of size for cotton cloth and paper. 





are responsible for its adhesive quality. 





ol. weickh is essential to its use in certain manufactur~ 





1S. Further studies on the production of plastics, including a 


oh Oe et 


study of plasticising and waterproofing agents, for specific uses. such 


as hoeadedanaee, heels. } : 
dhe Study,of the use of resins and soybean plastica in permanent 
book paper: dn place,of alum sigings). 9) 68 0) hh eee) ae 


. Investigation of tho, mechanism ef. polymerisation and. drying, 
especially a study of the phenomenon of surface drying of soybean oil 
as contensted with the body . drying of linseed oil. 





16. Investigation of the reactivity of soybean oil with synthet- 
ie resins, particularly maleic and similarly reactive resins, and the 
application of these resins to the produetion of enamel oils, 

L7e Development of soybean-oll varnishes for paper coatings, 
laminated papers, impregnation of electrical coils,and core windings. 





> 
ae 





in the Leather iis berate vaterence te uae af soybean 
5 eaten hel renee eat sae Of (deetor 642 ie nies in thie souties 

Lecithin in fat-Liquo: oring Apathers 
ie ewide variety ai ofeduste, ineluding — piste, waiaher, 

19. Further | sindden On bext bodyine blending, resin fortifica- 
Maolows, olbelots ger inks, aydrantieawake Elgida, sheets 
tion at conbinations, ee pan het ai ef soybean oil for use in 
olgerbert, micicinaie, std ieteicaria,; and fs the fore of gulsheentcd 
the pre arabian of paints bli mie and enamels 

hi; weer the te Sema, Yareey ped wil.* fox - tem . dytise setter. 
— «206 Further studies on the mechanism of weet aty and reversion 
and the Ratt nt of wotheds for determining the oxidative and. phote- 
Tt Se Saet. cmrter of the mimtetath centary suisiderchie 


chenteal data daw of soybean oil] intended for use in sh and 
quantitien «f cashes tedes were exvour in Kenene, Ckleown, and os vy 














eidenetarn States. The western produstion im Kartean ocenere) ia. 


t of new uses for lecithin and improved and cheaper 
LO; marly he ‘wee oegduesd "7oh,34% budiale of engtar bea 


methods of isolating and parities lecithin and sterols fron heal 
velned ab Ged busheh. During tee period OT te 2G the ooo 





Pe 


oil. 

te Tees: gromem® renged frm Go.83 40 Ms T? s cathehe Paetartion 
22. Further studies on the application of soybean oil to the 

of this opop eotetentiy declined and ainort dteappenred fran Seowies 

production of print linoleum, oil cloth, cutt oils, impre 

aerieculture soktae tesecthnal ‘aadake af tne wate oases, Mem Be ‘ill 

nation of electrical coils, core oils, reel 

result of the demam) dutia:.the Yeold "sor fow waster oki ac-an Site 
25. Use of soybean oil in brake fluids and ee ee 

erelt Tubticant several theses’ tome ef ¢ced wire predeoed in 


tures for lubricants for coating shells in stor The power or 
Sept hore Stat: “se, bet aimee then esd ontik very reese. lMétie «effort 


must not crack dur 8 and must not subs the 
hae tee pend: as cs i Me a 


te weoatas teks ere eae 8 





‘Prentioally the oxiire production of caster oll is derived 
from imparted: btans. © 18 1936, 24 wikbion pounds ef sasior beans 
tire dmportid ah ta IT 147 Mien sewedes Griregetes wi Eien 
pews of castes’ oi] were consumed daucst lomiiy im 1936 ami 36 wilidion 


pounds in 199, 


ahs 
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vio Acgonsiderable quantity of castor 611 de:usec in this country 
in a wide variety of products, including soaps; paints, varnishes, — 
absorbers, medicinals, and lubricants, and in the form ef sulshenmated 
oil, utder the name, “furkey red of1," for use inidyding cotton 
febetedic; alieoccs ohericaily ont phyeiontiv 4¢ te iéevtiael with 
quantities of castor beans were grown in Kansag, Oklahoma, and other 
1899; when 62)270‘aeres produced 766143 budiele of castor beans 
valued at Gl a bushel. During the period 10°76 to 2926 the returns ~ 
to Kansas growers ranged from $0.83 to 91672 .« bushel. Production 

of thie crop cotistantly declined and almost disappearad from Anerican 
agriculture during the first deeade of the preaent cemterys ts | 
result of the demand during the World Yar for caster oi] as an air- 
has been made to reestablish this crop on a sourki agricultural and 


i * Z i > ution rept yia va won et aay Syne tae tie: apne EE Fey zi ia mere Hout oh is 4k scheme, taileat 
By Se PR a AEE br Rd Uten An See Canale qe BPN. EM fot, Mee tito S5S thc mae be 


‘9 woPwactieally ‘the entire production of castor oil is derived 91) 
from imported beans. In 1936, 164 million pounda of castor beans = - 
pounis of castor oil were consumed domestically in 1936 and 35 million 
pounds in 1937. 
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With the discovery by Scheib: 
method for the treatment of ricinolete acid wherety a mlecvla of — 


ef in cermany of a practical 





water if removed with the formation of an additional double bond, it 


bas betome possible te convert castor of] into a new product having — 
wide application in the 41 field. The properties of thie © 





wynthetic drying 04] perait ite use as a substitute for linseed and 


‘tung olle; although chemirally and physically it is identical with 


‘neither of then, Several of these castor-cil dehydration processes 


are now boing operated in the United States for the production of a 

synthetic drying’ oil, and the consumption of this "synourine 011" has 
on 2°million ‘pounds in 1933 to & million pounds in 1997. The 

consumption of synthetic drying ofl made by the dehydration of castor 





:O41 will mo doubt become increasingly important in the future. 


‘The developrant of other new uses for castor ofl and the search 


for cress adapted to marginal lands and as replacement erops for com 
nodities that are annually overproiuced, as well as the successful 


ik deydration of the ol], have stimulated considerable active 








‘the varieties, geil ‘dnd climatic conditions, and harvesting and handling 
\‘netiods best evited to their eultivation here. Some work along these 


lines has already been started, as ie evidenced by presest research. 
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ie Production « 
is (o(Tetesearch now under way (on castor beans is principally com 
cerned with ouster ‘oil, but there ie sere activity inthe field of .. 
{ the press cake, and \stalke and other garts of the plant. 
toxic tomany animal organiens and therefore muct be removed before 
the cake can be uged industrialiys. ‘@thoda have been developed in... 
The following researen, Le-being eomuetede:..6 6-6 oe ee on 








Le AS» 
21s, Investigation of the effect of envirennant on, tae oil. con. 
tenbiof:the ctater! beaten: ful prodeets for wor ty gpeciel Ter ienete, 
ee Studyiof vartetios-best.adapted. for oll grecmaian. their 
composition, soil adaptation, ‘and. preprr cultwal mothedss ....... 
for harvesting. 





ay gy ett ties af iwi ae an Sages et ae Ces 5 _— Kasten | dain 

ove dy -ctaprovenent inthe methete of processing castor oil, inelui- 
ing etudies on refining methodey refining lossesy color, oder, etic...» 
2 oe Se Stadies om iaproved metheds and.en catalysts for the-dee .. 

hydeabion Of paptor:Oldaeior eure in Flertde bein: comp letels 








wet The Piatt in eles beet te toe thet 9 Yertired 
wictembe) Stadies of theouse;of sulphonated castor of] in sprays and 
wi bape. forouttdng: 042m. weetor Gieih an a saree of geltuinae fore 
00 (Fe Production ef isobutyl undeeylonamide from eracked castor 
oll for'use as a. a industrial wees of parta of the plant. 





B06 


re 
 & Production of dibutyl sebacate for use as a bonding agent 
in the pro@uction of #hattaropéof’glasey> © Fr Fe 
of oalnteand varnishes, etpectally on the besis of Ite om prover ~ 
ties rathor than ae a substitute for tune and Linses 
LO. Revelopnent fron-caster ofl of tore enitable sreducte for 
age in fintahing and dyeltig textile fibers. 
ag Dao tise of Gehydrated carter ofl and ite distilled fatty acids 
in the produétion of mediffed aiigd regings ~~ 
2089 IQ. Oreater use Of eaeter ofl and ite dertuatives an emletfty- 
which is now used principally a¢ a manure. 
served that certain ireedts, notably the Japatiese beetle, dte after 
ingesting the Leaves $f the ‘caster plant.” Bowsver; “the plant de know 
to de host to Insets of several natural Grders and there are reliable 
répsrts of fields sf castor Hears i Florida Bein: completely denuded 
by the dreary woray THe Plant te Wigs host to more then a hundred = 
fal and funcus diseases. 
17. Investigntion of castor Stalk we a souree of ecllvlose for 
use in the viseose ard paper industries (sec also Fiber Crops). 
‘\pone@s (Stadiee of other industrial uses of parts of the plant. 
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sateratipum, plantas a cash fame erop that its cultural . 
aspects be given prive comideration, and it is consequently not sur 
prising that a considerable nuwber of acricultural projects have been 
sted for investigations These suggestions are contained in the — 
ethene at tren! 

Agricultural research? .c-66 fei-s > ia tions 

in. de Investigation of known as well as new variatiecs of castor 
andi deen: to. the contest, of of] and possible reduction in 

the rigin content of the plante = onie)) actions 9 

nanan tea o the dehiseance of the caster seed pod. Since 




















. ab Sdn ks ndery ite, teracie; and 
sieihar Set eee teeadd taenteeliaaiearetrebentatidn 
and strains, since castor beans have a tendency to mold readily. 

in the South, the Virgin Islands, and California. 








5, Development of machinery adapted to the harvesting and handling 
6. Investigations of the econories of production, harvesting, 
and handling of castor bemm, together with a study of methois for 
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RY!” Seite EME brosér drier combinations and a study of the 
filmeforuing prébertices of Wenydrated castor ofls, espectally color, 
hes ie ay ews anit Mase gat 4! # Ste Patey ss 7a oe eat Bit alte Pies, es ee ny cr ae 
: ofl with other ‘substances, gucly xs ‘ » Prthalic) adipic, and other 














36, “Which nay lead to “tne “fornation or synthetic Feoings °° 


dtetiftation with ‘reference to effect of variables 
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Tung. oil is obtained from the nubs of. the tung or. China wood 


ott — The oil cone Second in importance | in, the drying oid. indus- 


ty and. is used, extensively. in the manufacture of varnishes and enam- 


els. he water-resisting properties it drparia 0 the iad weradal. 


ang enamel films is attributed to elaeostearic acid in the oil... Tung 


38 the only. oil of commaex real. iaportance that contains this particular 


Aon dega tee unsaturated fatty acic, 


_ The United States is dependent on the Orient for its supply of 


tung oil. The importations in 1937 were about 175,000,000 pounds... 


the spparen’. claappearance in the game seer, wae POU 455900,000 


pounds, of which about S5 percent was used in the peint and .varnish 
gz A a 3 Fi pee "SO 5 WALG ] inf tas Ue A x iw S Y - ys $ . 6 ee Us ie a sé 


beens ig and the rest dn, he manufacture of. Linoleua, printing inks 


and wiaelinneass products. Tung oil represented about 15 percent of 


oe * 


the oils used in the then oi} Jpauetrias aa 12376 
Pang care. | were finst planted, in the United States, between, 1900 


and 1905, _ One. of. Toe a successful Smad. plantings, was made at 


Td OR ie ® 


ally increased a rent pecans ion | seas are. seabiniat ever, 150,000 


acres under cultivation. The yield of nuts, for the year 1935 has. been 
ba See Bye Ek Sethe WLS th RATE The: DRA ae tole) Rei ee rm | 


estimated at, 20,000,000 pounds and the oii at 4,000,000 pounds. 


Mississippi now has the nosh axbenss yp. plantings, but Florida, Louis 


Se Teka aneit pes maT a 


ana, Abgbare, and. Georgia. . are. a re important, producers of tung nuts... 


Dug bo, bbe. susceptibility of | the buns. tres he frost. and other, adverse 


Nos 


climatic conditions, the yield of nuts has been very variable, and in 


Some years the crop has been a complete failure. 
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yoy The-kernels.of the tung nut contain about 50 percent of oil. 
The meal or cake after the recovery of the oil, owing to its strong 


purgative properties, is unsuitable for feeding stock and is chiefly 


| used asa fertilisers, Some.meal has been used in making lamp black. 


Tung oil,is the principal paint.and varnish oil of China, where 
it is nies used in tae manufacture of oil lacquer and soap and as a 
water-proofing agent for paper and.fabrics. When burned with insuffi- 
cient air, the-oil yields the carbon wnich,the Chinese use in making» 
india ink. « 
yo Blaeostearates of cobalt, lead, manganese. and zinc, which are 


important ingredients of paint and varnish driers, and,.aluuinua 


eleeostearate, which is employed as a waterproofing material for 
masonry, are made in considerable quantities.from.the fatty acid of - 
tung oil. 

Since the foreign supply of tung oil is subject to sharp fluc-. 
tuations in price, there is considerable: industrial interest ina... 
domestic source of tung oil-and)|in the-development of other processed 
domestic, coils which.can be substituted for this-oil, .Recently.the 
United States Department of Agriculture has undertaken extensive. 
investigations of tung nut) preduction, supplementing the work of the 


State agricultural experiment..stations. 





stondinfhe-agricultureal investigations pertaining to the domestic. tung 
oil industry which are now.belng:. carried out, or will be started soon, 


are listed below: 
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11y acidity, aeration, drainage and mineral content, to fang | 
tree — Peale production, “? ae OF Selscsion ane aiid 
Shon ogi og Study Of the nubritiénal requirements 6f "tung treés, with 
réserd te rertilizers (kind, quantity and via! or peiomanvinint » Soil 
amendments, and minor @ineral elements. ne Cotendad “waa ot oe 
OP 23. tovestigations of the cultural requirements of tung trees, 
ineludint studieS oh the relative values of mulching, sod dr other — 
Sbbiahist™ Weve? Wak eahnin “Ure BRb ae ARE Ghee ae eee eee 
depth and pineal of cultivation on the soil and on tung tree per- 
faew nee* Int fowtion of the imoortance, speciiic ceuges aad: natore 
“°92°" states to determine the ‘pruning ‘and ‘training “methods which 


will insré maximin broduction’at the least cost. 9 OO 





“Oo Om OR tha} of the pollination of tung flowers to determine the 
agencies’ of pollination, viability of pole” ‘and the extent and réla~ 
tive value of self and eross” Sollinations | asi 
ehySLOng eng GuegR Gh CHE RAMEE TIES BF Ele treee, “WEN Pebara to 
cold resistante, fruiting perforianeé and eulbindnond of’ thei? aiid 
in’ the senasied ‘orchards already éstablished. oo een 


9) gthdtes to deteritine How tang tree orchards should be man- 





28°86Enéure maxima and economical production and to locate out- 


standing” trees Which “could be ‘used for imitiplication as varieties or 


as” “parents in b sedin: 2 experiments. fren domestically. produted. nuts. 








a fp ee 


JVl2. uth. -Bevelopment of improved methods of propagation by budding 


and grafting to provide ‘for rapid miltiplication of the trees of. 


Standard ‘variéties at Low costs.16 (ooo: 

cod 09 ].ocApplteatiGn of @pproved methods of seléction and. hiybridiza- 
ti0n “to find or create promising seedlings to be tested in several 
localities ani under different ‘conditions to determine their adapt- 
ability j productivity and ‘general euitability as standard varieties» 
for planting in comercial orchards. 

10.. Studies-of methods of harvesting, curing and storing tung, 
nuts in“ordér to determine those most satisfactory and écononieal for 
handling ‘the Crop. | 

11, Investigation of the importance, specific causes:and nature 
6f diseases and the development of “economical ‘control measures. © 
Already a niiaber’ of diseases "are kmowieto attack the wood, foliage or 
fruit of tung trees, sJQUECTOY ROO oan 

12. Investigations to determine the nature and extent of the 
influcnce’ of cultural and) other factors upon the quantity andithe | 


| physical and chemieal characteristics°of the oil vin cungenutss © s. 


‘P03, - Investigation of the nonsoil»constituents incetang oilopro- 
ducedunder different: cultural conditions in order to ascertain their 
effect upon drying qualityoofthecobiles! of insovles 


Processis 





Uso thh.OO Investigation of the ef ficiency of expression and solvent 
methods: for the recovery of tung oil fron domestically produced nuts. 


"i ® » ~*~ : 
Bo Bae My Bre yea W2 ge ae oar oy ea ” 
‘ 3 4 PiU Ge Ene x x re toe ee es £ 2 M 
a Ps Wi et oid <i i Ts the as Be FF) A Oe rad ot WR wee | 


So. ie 


a 
ENE 





é 


508! 


CREAR Lee ee neat 
ee ht yaad ia (ot! See otdedben a) bse ee cs Fit atta: RP a 


utilisation: eS ae 


surface posing, parideuarly, 2 the formulation of f varnishes, + enamels 


at oil, iaequers having desirable properties, such as rapid drying, 


resistance . to light and water, Gunability, and flexibilitye other 


. Bevelopaent | of improved | methods +or the Storage or bung, 


via Y 
Lt aera ad 


fruits and nuts. ia order va prevent | or nininize dateriieation or the 


oil. 

me Study of the proteins and other organic substances in tung 
oil press cake for the purpose of developing more profitable methods 
of utilization. 

‘18. A basic study of the chemical and physical properties of 
elaeostearic acid from tung oil, including its reaction with maleic 


anhydride, with regard to possible uses. 





Since the problems of domestic tung nut production have been 


surveyed recently, and new and enlarged investigations organized and 


instituted, few new suggestions for research on this crop have been 


offered. The few projects which have been suggested are as follows; 
Agricultural research: 

1. Investigations on the control of insects and fungi which 
attack tung trees. 
Utilisation: 

ée Broadening of the fundamental investigations on the chemi— 
cal and physical properties of elaeostearic acid. 
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at present is ‘confined ‘primarily to 
‘oor ofl as a inant of the starch ami certain fermentation indus- 
gern 011 appear on the market from 





trices. Minor quantities ap oe Se # i 
time to tine. avas OF hone of any of the others 1s produced com 
aA to germ<oLl production is the eshte ef the oils 


derivable —) hulls, and rice Poliahings, | ‘but these 3 are not at 





c 2 .  metintky salad oil. The apparent disappear 
ance of orl std i 1397 Ss 8G, 658, 880 potzas, the largest anourt on 
record. “This was, as beer _ Aang of the total disappearance 
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was ‘then nown, whereas today het only are their constitutions. quite _ 
accurately iiidrn, ‘but oi 
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@ 6f these sterols can be and are being used 
thesis of more valuable products, such as__ 











_— the fort wink researéh projects applying to corm olls are 
etn tuost hated Os Gifveremes between expelled and exts witeas 
a ' gome work on the corieentration and isolation of sterols, 
plogleally active substancesfroa ger oils. 
ey - Eimitea ‘etudlés on the desolation andi concentration of anti~ 
ty Preliminary stuifes of the odorous! constituents of germ. 
otis, ‘with ‘special reference to corn oil. 
de Tests Of Corn OF1 for its value as @ component of, insecti- 
ng ‘one hh manatee of white 1 
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~ Suggestions for ‘research on germ oils received pg the eourse 


Mon fhe SaeSey ith BReAdy as Or Whementetsyionwishoprovlere. arising as 
a) result’ of processing. They may be listed ae follows: 


ois Toolation and (entifieation of the physiologically. active 





in germ 
olls. 

: 2. Isolation and identification of the plant pigments and odorous 
constituents present in germ oils. 
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domestic: consumption may be treated as a) miscellaneous group. These 
oils, with the exception of olive oil, ‘have been used: in the main as 
substitute oils. Sesame oll, however, has a specific use 1a pedal 


flour mixtures because of its che 





ital stability with respect to ran- 
cidity, and: rapesded of] is used) as a dubricants “/odesire hie deen’ 
expressed: for. a donestic supply of hemp, sunflower,” safflower, rape, 
chia, periliay lull emantia,» jojoba;: andi sogame: ollia.s, 2001 the aoc 
and 632 have boon amoorted BARBARO anc bie ied ork. Menge im 
corte «sBabasen oily obtained: fro: the seed kernel of | @ palm abtiindant« 
in song parts.of Bra&ily' is a nondryiny edible ofl: of! reeently acquir- 
ed: importance in international trade.) fhe domestic factory conta 
tiontef this oi} in:1937. was'42 million:poundsy of whieh about two © 
thirds’ was used: in: the anbfacture of edible’ products and the rest for 
Soap making. ov vee , iw the sources of the Grup marinuann 20 thers are 
tertain restrictions on ite GUIRagmIAne handling, Porthermere; padi. 





native to México, where whe seedsarecchiefly used lor the preparattén 
of a beverage, «fhis plant ‘belongs to the mint family’ and crows to a 
height of 5 or 6 feet. Chia oil tela, drying oil which resembles lin- 
seed anduperilla oils in type and percentages 6f unsaturated fatty ~~ 
acids. Recently some interest has ‘bem aroused in the pos#ib 





ite domestic produetion fer use in the drying-oll industry. Although 


some study has been given the plant as a domestic crop, it is essential 
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to‘explore. fully ‘guch factors as ite soll, fertilizer, and climatic 
requirensnts, possibility of improvement through plant breeding and 
Selection, ciltural practices, harvesting, handling, and marketing 
methods and ‘many other faétors before large-scale Plantings are “~~~ 
attempted.” POLL, “Une Aros « ; 

EES eH Ns ne owovenpnieapetibaypoth the ecids and 

“USS " Wenpséed" oll 48 similar to linseed’ oil in type and pereentae: 
of unsaturéted fatty acids and is considered af extellent drying oil. 
At times, depending on’ market prices and import duties, beth the seed 
and 611 have been imported ‘froa Barope and Une ‘bidlant . Renpeiewer thi 
ports averaged about’ 29 million pounds annually for the 5-year period 

2 1971435 and rose to 63 million pounds in 1936. The oil ‘eqiivalent of 
the imported ‘peed amounted to.7-and 15 million pounds, respectively, 
for the same beriods. With the recent shortaxe of domestié@ drying oils 





re is some interest in hemp culture as a source “of drying ofl. ~ 
This plent, however, is the source of the drug marihuana and there are 
certain restrictions on its evlture and handling. | Perens” public 
opinion on the tiarihuana question has been aroused’ to such an extent 
that the extension of the hemp acreage over that at present grown for 


the fiber crop may meet with general public disapproval. 
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°° Jojoba OL is hot ab present available in coltiercial quantities. 


Tt is derived from the seeds of a shrub, Simuondsis californica, which 








grows wild dn the arid royions of Arizona, California, and western 
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0 '8Gn “Che Basie SE Le chemicak Coristitition; witch “is sintiar to 


that Sf spern oll) “thé produét derived frou the seeds would be classi- 








fied ag a true wax. However, because both the acids and alcohols of 


which it i$ wade-up contain 20 or 22 carton atoms “in their ehains and 
ape unsaturated, it is a liquid, and “it is therefore considered advis- 
atte té-call LE nonratty “oa and tS °CUesst hy Lt WEE tHe “Beda “Olle. 
Because of its ‘unique chemiesl Characteristics it has “any interesting 


sibilities, none of which has been proverly exslorad, prinetps 


soss! 
beacause of the reninestosill of anneal 6P the material.” 
ie xefingd amd.uged dlreces " 
77 86th Fs GRE , 4 Had Pron 4 the ‘seed of t ; 
miséie for its oil, which is similar to linseed oil, has very fine 
drying properties, and may £ind-applfieation in paints and varnishes. 
This oi} has nerer Been vianege in “internat comnerc 
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SOV 663 fet de S11 Ys Found tn the osete OE #aPreHRb. OE the cake 
Panty Rosaceae wiicH ig native to northeastern Brazil. It contains 
Heante acid; \wilch'ts simtlar"to the eldsostoarie acia’ roifid"in titic 
ell, Tits off Ys one of “the ‘most recent 
emunereanigioen oils. “Tusorts were first reported’ in 1936, end in 
sebatiteed 40" opsmetiniel —*. million ancl “hee” 
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_ tea-seed. oll and rapeseed. oil. 
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potential supply of the oil in Srazil is reportec to be very large. 
Although, considerable experience has-been gained during the past year 
in its use as a substitute for tung oil, it has not been freely 
accepted for this purpose. The technical utilization of this ell is, 
Olive oil, obtained from the fruit of the olive ven has 
been and is the primary and historical edible oil of the. Mediterranean 
peoples, . The a 
billion pounds. Domestic production of-olive oil is practically 





age. annual world production is approximately 2 





limited,to. California. and. has. never exceeded 7 percent o: domestic 
consuuption,in the years for which it has been reported....0live oil: 
is refined and used directly for food purposes. Limited amounts, 
rently inedible, are used for making soap,.as a textile.lubricant, 
and. for.other miscellaneous purposes. The principal adulterants are 








and in 1936 impor - BARILLA.OUL “Vitsa soones.” This otk 
ih a recent years considerable quantities of perilia oil have 

evr St from the Orient, largely from dapan and Kwantung | 
Province in China, where the seed is crushed and pressed and the cake 
used as a nitrogenous fertiliser. importations increased from 7 
million pounds in 1926. te 118 million pounds in 1930. Increased in- 
port duties have since reduced importations 

+ i» Pewilla 4e/a drying oil. reseubling linseed of] inthe type and. 
percentages of unsaturated fatty acids. The factory consumption in 





1937 was 40 million pounds, of which about three-fourths was used in 
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In the United States rape 
a forage and cover crop.” Liters 8684s Wtiolii to Have Deon Brodueed 
centr tonbeghaeuaberindienantashalirmmanabenindatia 
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in the manufacture of shortening. 
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 heriyelbewing characteristics, In India, wnere the plant has been 
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ollie Safflower has been investigated in recent years as a possible 


‘olleseed crop for the northert Great Plaing area und the Southwest. 
‘The oll belongs to the dring clase and is well adapted for the uanu- 





nes, and enamels because of its 


grown for centuries, the blossous have been used as a source of saf- 
fron dye, andthe of] for edible purposes and also a8 a lat ofl, So 
fay safflower oil has not been produced in comaercial ‘quantities: and 
it has not: been an itea in international trade, — — 
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Sesame oil belongs to the semidrying or general utility class 
of oils. In this country it is used largely in the production of food 
product# und alo directly age salad @nd cooking ofl, It has been 
used for a wide variety of purposes similar to these of cottonseed — 
many other oils it isivery desirable as the shortening ingredient in 
the prepared flour mixtures used for making pantakes, biscuits, etc. - 


bo chendihe Gomestae: Supply of sesame seed and oil is obtained from the 


Grient, where the oil is used for e@ible’ and. medicinal purpeses, soap 
making, and as a lamp oil. The seed yields about 50 percent 011. The 
press cake ib usedias & fertiliser and stock feed.’ Amounts of the” 
Seed and oll:imported have varied with such factors as impdrt-duties, 
world demand, and the price of domestic edible oils. ‘The factory 
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consumption of sesame oi] in 1937 wae 35 million pounds, of which 29 





products ote iaaking seteeetaialis of cone. 
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are dehiseent, that is, they split open on drying and 
scatter the seeds, which is a serious deterrent to mechanical harvest- 
ings Unless there, is imp tof the plant. by. breeding and selec 
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to dlive oil, and has siwilar food and technical uses. Inports wore 





Wert Gael few GE ‘Olive CLEP OPS 8. Saguesterl reveurvon ag it refers 
EE SAA CES “Of OTL Meet ved from grapefruit, lemon, orange, 
grape, melon, pumpkin, tomato, wild radish, mustard, and locust seeds, 
and from peach, apricot, cherry, walnut, and pecan kernels are avail~ 

for edible purposes, for soap malding, and as drying oils. 
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oO Yuch ef the research in progress : or suggested div the Latrodues: 
tory portion“of the séction on O11 Seeds and drops is equally applica- 
anbous oilseed plants and plant products just. - 
described. A number ‘of plants such as the babasst palm could not be 
: yomuercialiy in this country, while others like perilla and‘chia 
are naturally restricted té certain rather limited climatic and soil 
belts.» On the other hand, ‘safflower and rape can be ‘Grom over | 
vetitey Giteisiwe ame cactarn ooriiow of the Cotten Gelbty and chde, 








possible replacement.crops, it is necessary to bear in mind that 
genetic and agronomic studies are essential to determine the effect of 
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variety, soil. type, climatic. influences, eto. on the yield and © |. 
of the.oil is.veny. igh itis also nee 





“¢. to develop uses for the 
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yield and quality of clly Qne reported project has for its objective 
the inoreased-yield.of.oi].drem softesceded. pumpkins: oi 9 “lower 
4, «te Agronomic studies, concerning the adaptability, varieties, 
cultural treatment, climatic and soil requirements, ete., of safflower, 
perilla, chia, rape, and other oll-preducing crops, and to develop- 
wentof mechanical harvesters, These ere annual seed crops. Sai- 
flower and rape are adapted to the. spring-wheat area of the central. 
Great Plains and to the, irrigated regions of the Southwest, and my 
have possibilities as.a winter crop in southern Galifornia, New 
uexico, (and dPiszonas Perilla and chia require long seasons, Perilla 
is adapted te the southeastern portion of the Cotion Belt; and chia, 














which is sore) exacting, met elec be restricted to southern latitudes. 
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“gs Studies of price, competition, and inter 

atecting the demands: for ofls by the soap industry, the pitt ‘and 

s-industry, the vegetable~ 











ustry, and other food industries. 
B, The study and development of methode for the detection of 
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adulterants in oils, 
or recent investigations on the chemi¢al constitution 





°° @he various miscellaneous’ oils, excepting olive and sunflower 
O18, aré not domestically produced in large quantities. Some of 





these oils may Become items of impértance in Amerfean agri¢ulture to 
eet Specific industrial needs. Sugsestions for research projects 
relative’to the wiole group of these oils areas follows; 090) © 
< \oUS  Trbensifieation of the agricultural Laivestigations relative 
tothe prodtiction 6f berf2?a-and chia seed for oil, and genetic 
studies to tipréve the crowth habits of these plante. ‘@eapedially with 
ré¢ard to dvercothing the shattering of the seed. 

Low" o@Ss Extension of present investigations on the production of 


rn — botH genetic and dcronomic studies, metheds of 
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ay ol 3 ¢ intensification of the agricultural investigation of the. 
production of safflower see! for, oils tim ship-botton an 
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ng to. develop a variety of heap suitable as 
sh atL-seed-erop but devoid of the dng orate, ‘This would dns 





\plantingss» probably in a number of localities where 
public. pppebitiots gould, easilyrdewelepsy «. copsvest dl). topo 


Pe bed 


parent Pah ED Rearenenet investigntion of sesame as a domestic.crop, 
including genetic and agr wWinic studies, vrocessing, and Whildsetion 





and) teacseed and extension of present studies of plants as potential 
sources of oils, fats, and waxes, including an examination of such 
desert plants as hemp dogbane, prickly poppy, cats~claw, and native 
mesquites and palo verdes. 

Vs Investigation of the possibility of growing, harvesting, 
and processing jojoba seeds, 

8. & study of the hydrogenation of the nonfatty jojoba o11 and 
an investigation of the possible use of the hydrogenated product in 
finishing and polishing wood, metal, etc. 

S. An investigation of the suitability of jojeba oil for 
dressing leathers, especially white leathers, since this oil is 
colorless, 

10. A number of suggested investigations with reference to 
yarious minor oils include; fhe extraction of pecan oi] from waste 
kernel particles mixed with shells for use as a possible substitute 
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Ah fruits, vecotebles, 
and nuts, particularly from the standpoint of utilization, is 
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Gttras fewit renresents am tnereagins sropertion of the total 
freit outer of the eountry. The oroduction of suples resains fafrir 
stationary, bet the protuetion of citrus fruit has about trebled tn 
the last 20 years. The uses of eltrus froait, cthor than as fresh 
feuit, have ac far boon Limited chiefl: te camcing, beth as Treit ard 
as juice, and to extraction of ctls, neectin, and citric aetd or cle 
trates for use in flavor'in: extracts, mamfacturedc food products, 
carbonated beverages, and sharmnceutieals. 

Tn recent vearg eftrus erone save broucht growers a cross tne 
come of around 156 million dollars ammually. the seale on witch plant- 
ings have been nade, especiaiiy of grapefruit, indicates the probable 
development of a sericus surclus mreblem within the next few years. 

Caiifornia arni ilorida tovether produce about 97 nercent of 
the total orange crop, The production ef crarges has more than 
doubled in the last 20 years, Of the FT yO, GOO bearin, trees esti~ 
mated in the croyee of Califormia, slorida, Texas, and srigooa in 
1938, nearly balf are less than 15 years old, and s fourth are froe 
5 to 10 years ol. “ith thts Large - roportd on of youn: trees yet to 
come inte Pull bearing, it is considered Likely that annual pro 
duction during thie next 5 years will averege "5 million boxes er 


mere, as against an annual cutout during the last 5 years averaging 
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58 million boxes. Most of the inareane will be in Yelencias and 

other date iypapieen welll 
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ore oefruit trees is five times as large 

oo it was in 19205 There are some 13,100,000 in bearing, of which 
| twosthtnés are young trees thet have not reached full produc 

tions It te considers Likely that the present tearing screage will 

ond i bverage production during the next § years of 35 millien 

\, dudging fren past relationshic of supply and prices, this 

‘Ly ie of grepefratt sigy mean decidedly low prices to srowers. 

‘The production of orangis and gravefruit in various years from 








nak te I537, the average price per bex, and their ferm value are 
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Each dot represents 100,000 trees 


LEMON TREES 1930 


U.S. DEPARTMENT OF AGRICULTURE 


ARIZONA 


ARIZONA 


9 





GRAPEFRUIT TREES 1935 


ORANGE TREES 
1935 


MISSISSIPPI 


ALABAMA GEORGIA 


ror} NS FLORIDA 


JLOUISIANAT Rg LY 
2 eA) 


NEG. 32043 BUREAU OF AGRICULTURAL ECONOMICS 


is ity 
oan 





Y i 


Teac 





a 


AN 








\ . 
. (rh er’ 


GRAPE FRUIT: PRODUCTION BY SJATES, AND SEASON AVERAGE 
PRICE RECEIVED BN GROWERS, 1919-38 
ow uaenrce inoreases in the production of — may be expected, 
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eae way in Texas and Arizona, where : over 90 pegoen$ of the trees 











have nat yet reached full bearing, Phe somos tui 4F California, 





s+ canara? 


where abot In Florida, on 
the other full pro- 


States, iho we western areas are growing ing mostly seed seeds se | 








whereas most of the seeded fruit is in Ploridas 
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a GRAPEFRUIT: PRODUCTION BY STATES, AND SEASON AVERAGE 
PRICE RECEIVED BY GROWERS, 1919-38 
BOXES 
(MILLLONS) 
20 FLORIDA 
15 
10 
5 
0) 
15 TEXAS . ii 
10 | 
5 
0) 
5 
5 CALIFORNIA 
O 
> 5 ARIZONA 
* 
O 
~] DOLLARS 
PER BOX 
50 = A UNITED STATES 2.50 
45 2.25 
40 2.00 
35 1.75 
30 1.50 
25 1.25 
20 li -a- 1.00 
J 
15 WW - NS 75 
10 50 
5 25 
fc) 0 
1919 1922 1925 1928 1931 1934 1937 
YEAR BEGINNING SEPTEMBER 
*'INDIGATED DEGEMBER 1, 1938 
\ U.S. DEPARTMENT OF AGRICULTURE NEG. 34634 BUREAU OF AGRICULTURAL ECONOMICS 
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From a survey of this research it 15 apparent that it falls largely 
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uiniowa loss due to these factors ie fread te 10 percent of the 
du sueplus th defective fruit nay run aa 







we Seuit, largely cooperative groups, and 


tin. one, os ae: st. 0f, he following groups: 
| ng of fruit for juice or juice concentrates, °° 
of fruit for sections or specialties, nobus | 
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“tories, owe of these projects, which now relate primarily to foods, 


~ ib = | aor 
iwbitind ensymatic or other natural coll processes wivich may result 
in déteriorative changes “in-color, flaver, or odors With citrus fruit, 
as in éthor frutt processing; bielegical control is fully as iapertant 


Sonia CO geod engineerings 


“Oe Studies encthe keeping quality of the products ta sheiiie: 
ee ene ee texture as well as actual spoilage 
or break~dewn of natural constituents, 

10s" Prodweing novel efitrus products, suel.cs citrus vower, 

citrus. ‘utter,’ and other fcod speciaitiesas 

Sheetal stadien. on constituente of citrus fruit products, 
on the cases in orange juice end the fabty 
Aedentoloanial ei the flavor and keeping qualit; of both. jaiece and 
om an Cante — y wlio vewtthit the wart cet Pe ge ee ee 
“2. -Rreduetion of setonary food products, such as citrus olls 
and citiic aot for food flavors end various wadi¢inal and other uses. 














“that huge quantities of cannery wastes acewnllate each year, Probably 
“not Lege than'175,000.tons of peel, seedy and rag (segment, nenbranes) 


gone way tO prevent these wastes from becoming a nuisance, an orchard- 
‘pest breeder, or o health hatarde— % stucies on waste materi~ 
sing ere being carried out at 

y and by Federal, and State Jabora- 
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seéd of in streams, Research on thie problen 
p the oer preseare’¢ of lepal imeepomoas 


lend of drvihe, erin ation, and increasing accept 
estas ib iso ctetinpa ‘do not relia the wrt” 
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‘the types: of. seveeeteihtemanen outlined, are saocesary: because the ~ 


whole fruit, sometizaa frozen sometimes dagaged, sonetines serely of 
unnarketable RA APIs AAEN hea aaa ae tehe 











. See wien a nee 


tives of citgus fruit appears to be wossibles But before thie tyne of 
y more fundazentel kmowledgo aust be gained res - 
constituents of the various parte of these fruits aswell. 
aooe fale complete dnventory of the constituents .of citrus Pritt. 
should inolude the analysis, by the bewi-chexical aad << - 
ala, of each of the parte of tha druits in an. 
de cmetijumts and tatimate the eater 














it has: been. ania thet fundamental leray diffraction spectra, — 
> weight, double xefpaction flor studies, and similar approaeh- 





es to these problens be included in such a research programa. ‘This 
Llustrates the need for ultresmodern methods of research on very 
pledetancgsd; practieni comedities. After tris fundamental knowledge 
is available, and im come cases without waiting for detailed results, — 
axlety.of studies.should be started on the separation, propertiesy « 
uses of ine major constituents known to be presetbe 
Several peaten af such research heve been touched on lightly br present 
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pear “aa ied ee ta 
Fab ate conwe 


pe te to other useful materials as well as ox 
vente in those processes now in use. Preparation of 





| eaeh products on a eaali scale would permit expericental studies on 


new uses, In sone Cases secondary derivatives would be required. In 
othex cases | the constituents thenselves, like the rare supers, would 


‘find a direct market. 


S» Ghenical derivatives froa constituents of citrus fruit. 
Synthetic secondary products ‘may be wade fron some of the prinary con- 
stituents of thie fruit. For example, some of the derivatives of 
citric acid have ‘been suggested as of possible comercial importance. 
one such compound, chlorotricarballylic acid, is already belug investi~ 


" gated by one industrial unit. It typifies a wide varlety of possible 


secondary products that micht be made froa any of the peta com 


stituenta which are ‘found to be commercially recoverable at reasonable 


coats. 










SE Ko on oe aN SORA Re AA NEN a om NUANG ys 
PRED > ALE nyt HM ALES ANN Thee 












‘ 


a 
sage) 





CORRES! 





ee i eae 









new FORE 5. et may we: ee igh Me BD yeorcuwyt: in yeard of bigh efieet 








pees Oe 
2 eotine present time; there le vary Jattie resderch ender wey 
om: tha-ume of the avecade. Two lines of research are in progress: 
he Tae prodvetion of apeandie sheage from the whale pulp. 
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ho 
o> \ o&veeado production im the United States is about 7,000 tons per 
year, valued at approximately $1,000,000. The production is confined 


- almost entirely to California and Florida, and practically all the _ 


fruit ig shipped in the fresh condition. At the present time, there 
is no real problen of surplus, singe imports average about 3,600 tons 
a year, but it is estimated that the crop in 1939 will approximate 
15,000 tons, or more than double the 1932 productions This yield, 
from increased acreage may create a serious surplus problem, There 
is a considerable problem in the utilization of imperfect and wind- 
damaged fruit. These total about 6 percent of the total crop in a 
normal year, bub may run as high es 50 percent in years of high wind 
or extremely cold weather. 





ol \ oo &tethe present time, there is very little research under way. 


Om thease of the avocado. Two lines of research are in progress: 


i. The production of ayedado cheese from the whole pulp. 
2+ The production of avocado flour from defatted pulp. 





oo Inswlew of the problem of disposal of cull and damaged fruit —. 
and the probability of surplus from increased acreage now coming into 
bearing, it seems highly desirable that researeh work on industrial 
utilization be undertaken. The following research projects have been 
shgrestetens! cies wwe oles 
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‘9h eM. Bevelep improved methods for transporting the fresh fruit. 
This can probably be done best through refrigeration and ventilation. 
_ Se Envesbigate the vitamin content of the avocado and methods 
of preserving the mutritional quality of the fruit. 

oso eotge Study methods of extracting of] froa the pulps: 
os poof. Study the-use of the oil in cosxeties, pharmaceuticals, © 


ee : Pai viv . : K ese 


oo» o Ge Give further study te metieds of preparation of avocatio 
se Dewelop uses for the press cake from the pulp and seed: 
o «Ge Undertake fundamental chemical studies on the constituents 
of the avocado, and in particular on the ofl and protein of the pulp 
and seeds , OO Lea. 

suse Diatergrowing in the United States 1s confined largely to the 
mately 3,500 short tons, and is expected to reach 10,000 tons by 1942, 
as new plantings come into bearing, It is eptimated that of the an- 
of the erop, is unfit for the fresh warket. This ia due largely to>- 
the poor varieties under cultivation and to improper handling of the 
fruit. In California, at least 15 percent of the erop is low grade 
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ases 
and showld be diverted to bysproduet use, since the sarketing of peor 


ne@ in developing sales for the domestic 





gl of low crade anc weather dan 
aged fruit will help te establish the industry on a permanent paying 
basis, In addition to the dates theuselves, there are two sources of 
by-product materials, the pite from drying sheds where pitted dates 
are packed and the prunings from the trees. About 10 percent of the 
wei at of the date is seed. It is estimated that there were about 75 
tons of seed in the diverted portion of the 1937 erop, and that there 
will be three tines that amount four years hence. A large tonnage of 
prunings has to be disposed of each year. Such material is utilised 
for warious purposes in Egypt and other countries of northern Africa 
and southwestern Asia, which provided the orig’ nal stock for our date 
plant ingse 





.« fhe following lines of research are being carried on at the 
present time: 

. sole -Dete breeding studies, including the various factors ine 
volved in inheritance of sugar content, color, earliness of fruiting, 
and the value of different males for pollination. 

2. Rxtensive research on the various phases of date produc 
tion, imeluding testing of varieties, methods of pollination, irri g- 
tion, and related problems. 














om hw 
9). he Oo Spetlage of date fruit in relation te microcrganismae 


0. Keen thege interested in the establishment of a pormsnent date~ 
oo Oly Develop improved methods of sborage, drying, and camming of 
CeO 22 Feee Dee Groce goers « ales 2 eam $m thee vow 
“) Ry Make studies on the best, methods of preventing spoilage . 





3e Study the vitamin content of frésh, dried, and canned dates, 
and develop methods of preserving the nutritional value of the pro- 


1S he Study the preparation of sirups and flavors from dates. 


oy 0) $y Develop methods for the separation of sugars from dates. 
Ve Make fandesentel cheaicadl studies of the constituents of 

3. Develop methods of extraction of protein and of] from the. 
wee. << veures’. harge coantitio« of oe 


O°. Gy Develop uses for the fiver from the prunings of date palns. 
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aia, with & less inportant area in Yexas. The average annual production 


is about $1,000 tons, with a farm value of 1.98 million dollars, 
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| | | #, 5.9, 344 
; coy wiles are carketed int bree forus ~ driec, fresh, and canned or 
earthy, In ONT Gried, Ag, moguabion, in California amounted 26... 
29,500, tons, while the production of figs for sale fresh and canned _ 
was approximately 10,000 tongs. tn Toxas procuetion of figs for pre- 
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oe a in California for coumercial, parkets has 

se~ In the gage of dried fige, procuchion curing 

s averaged nearly dmble whgb i was in the pree _ 

wats =~ that is, about 20,000 tons as against 10,00 coke 
ee ic nl lit ides alee te 

last 15 years. From 1,180 tons in 1924,it reached a peak of 6,510 

tons in.1924. and thon £612. rapidly to only 510 tona.in 19326. the... 

ky however, og,is indicated by the 1,610 ton. 








ia amitiians are not, suitene,for 
sun cryings yerieties of Thee. 

Fi.c0 ene nem Mlnoet qaclualvely for food, either fresh, dried, 
,ddwited amount of the fruit is used in| 
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off+grade we ie Che thle? Gurplie prebles: tm the fig ndustry, 
and48 due largely to diseagze and inseet infestation, Methods should 
be devised te utilise this type of material in an industrial program 








 Mthe Survey revealed thet a Mmited amount of research on figs 
is. beine eorriéd on, which a: be gummarized as follows: 
le Morphological, oytelogital, and genetical studies, with 
especial reference to the sinsiniiadenl of comercial varieties for dry- 
ing and freesings — 
= 2y Develonment of salina methods for handling snd process- 
ing for foods 








Oo ugeewted research on figs covers a wide field, eubracing both 
santal and doplied studies, with emphasis on work leatter to a 
solution of the eull problen, — 
/ Le Place genetic studies on a more fundamental basis, 
oD, “Undertake breeding of fies to produce better quality fruit. 
34 Make a detailed analytical investi setion of the 7 
tion of different varieties of figs | : , 
O° 0 ke Tapwewe methods’ for prosessing tectniqués ~ 
(Be Develop few aethods of proce iii weinbain the 
quality and nutritional » 
6, «Develop new uses for black figs. | 
ON Devellor methods for recovery of vitarines 
> Be Revelop methods for the recovery and concentration of the 
protein splitting ensyme mown as ficins 
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Ge Conduct fundamental studies on the biochemical action and 
ion of higner. pera ketones ns 











ed.in California ay the pay 
Spanish settlers, niisaiies for the production o: clive oil, or in 
din, the present century, it was discovered that ripe olives could be 
canned like other fruite In 1936, 13,500 tons of ripe olives, or 
practically onerhalt.of the entire, clive crop, was.canned; 11,500. 
tong were preased.for oi1; and 1,340 tons were processed as "Greeks", 
sou ama to the 1935 Census of 
Abie peek. pee, weed Bh Ae? wi l~ 











ie a eid cae dee te 
season to the next, the bles of surplus in conection with 








the olive industry. ‘the oniy Gisposal problem is the question of 


finding 





extent as fuei at the piant but has 





been found unsuited for steck feed unless the pits can Le regoveds — 


AL content varies with. the season, but on the basis of data for 1936, 
Et is estimated that 6,000 tons of pits were discarded in thet season. 
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«Se 
in addition, there is a comparatively small quantity of pit waste in 
of the press eake to recover the 10 to 12 percent residual of], wich 
is used in the manufacture of seaps. There are possibilities, alse, 
in the produstion of seed oil and seed press cske, 








) ag Olive production is se completely lecslised, most 
of the work in progress ie being carried out in cooperation with agri+ 
cultural experiment stations and olive processors. fPrejects now under 
1. Improvement in procesaing sethods for food products. 
Ze. Developzent of an improved methed for recovery of low grace 
. «Meat of the suggestions for research have had to do with in- 





"proving of pickling and dermentation,processes or improving the quali- 


ty of the canned fruit. They may be listed ss follows: 
«Le» Pundemental chemies] study of fruit of different varieties 
-abudy te follow the chemical changes which take 











cular attention to the ensymwes involved. 
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| the partially #ipened stage, it contains co 





L studies. on olive of1 and 





ne.and.aci¢ hydrolysis of the preas 
cake with particular attention to the recovery cf proteing. 





oe ol eGyeoo Farther studies on the press cake with special reference 


comer! %e. Pundamentel physical and chemical studies on the seed ofl 





and its derivatives. sig lip amayicih 
S. Fundamental study of the proteins of the olive seed. 
PAPSTA 
‘The papaya, knom as the tree melon, is a subtrepies fruit, 
receiving some Little attention as an orchard development in Hawaii, 
Florida, California, and possibly come of the other southern States. 


The papaya teowed etther as fresh fruit, casned as tie sliced or 







protein-splitting enayme kmowm ss papain. This ensyme hes found corm 
siderable use in medicine, and its use as a ci agent in the 





‘beverage industries is well established. Approximately 200,000 pounis 





patively Little is produced 


in the United States, en account of labor costs involved in hand col~ 


lection, 
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le ‘sheittan. onan geetantien 28, ores ne ite enayne content, 
and extensive studies on the enzyme itself. 

2. Studies on improvement in canning and other processing 
methods for food uses 

36 Development of an enzyme preparation for use as a seat 
tenderizer. 





1. A complete chemical analysis of different varieties of 
papaya fruite | 
| 2. Complete biochemical and physicochemical studies on the 
fruit and its extractives. 
30 Study of vitamina of the fruit and development of methods 
for the recovery of vitawins and their concentration. 
4e Fundamental studies on the variation of the ensyme content 
in different varieties of fruit and at different stages of maturity. 
5, Development of economical methods for extracting papain 
from the fruit and from the entire plant, 
6 Development of metheds for the preparation of carpaine 
from the sala 
7, Fundanental studies on the seticn of papain in connection 
with its use as & meat tenderiser, 
Be 
constituents there are present which might find subsequent industrial 
utilisation. 
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| Because tha reduction in the rere of cries’ y ‘the aant iS 
years has been largely due to ‘the rowel of poor trees from uwiprof- 





g@ tress, the 





a no apples has not decreased in proport: 





Son? For, poe » in 1935 the totel susber of trees Mad bearing 
age ves ae percent less tan in oro but total proiuetion ‘had decline 
oa el 6 pecan Oe 
Apple production in the last 3 years (1936 through 1933) has 
vrrie! troneniously, ‘ranging {von 117.5 million bushels in 1936 to 
201 @illion bushels in 1937. The average of these three crops —~ 
159 mph Lent bushels — is about what car be expected with mverage 
growing conditions, If the naar of bearing tress abate te de. 
prease at the sam rate as during 1930-35, if the yleld per trse 

ent & year, and if 
rowing conditions-are average, production should be about 150 











cantinuss to increase at an average rate of 1 perce 








| #i204en Sushels by 19454 If, however, the shrinkage in bearing tress 


continues at the rate reported Detween 1925 ami 1935, the total Srop - 
by 1045 should average about 140 million bushels. 





neh 
TN 


BN 


PE 
Heel 
RN a 


jae 
Dinara 
i Sara a 


K ite Kh Ae 
PLS aa 
Ar ANS Wichita tat 










=< 


mar ee UR NR: Are y heii tem tA ep Abia PTI es cme tye 





fee eR 


the te EN 





ie 


PPLES: U.S. PRODUCTION BY REG! 


fuse, 


2%, 


——— 
AQ RA, 


or 
eas, 
— 





et yarn ete Rating 2m | Hoke weve votes © 


c = a 
> o Q © os o 
p in o if e es 
nd as I ed gue eee, capstan 


(MILLIONS) 
© 
U.S DEPARTMENT 


> eee ; A a 7 





a 
j 


ean (he 5} 
dir ia 


7 


aise 


Bee 





APPLES: U.S. PRODUCTION BY REGIONS, 1922-38 
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From the standpoint of an actual or potential surplus problem, 
the apple situation is as serious in the hortimest as anywhere in the 
use Gl that region's long distance froi dones— 
3 dcpendence upon whe. export trade. 
Apple production in the ll Yestern States, taken as a whole, 
hes been fatrly.stable in recent years at 50.to, 55, million bushels a 
Ly produces a little over a tiird 









year. Tris group OL States norma. 
of the ‘total oroS (table. 8). 
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Production ‘Getesecvccenes MALion bushels. aes. cediieie : 2.3 : .'7 
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United States crop iis ocss os isicads qemmneh sys Crdbe® 7 Bader: hdak, 


Peering trees . iis dessiecves Seocs Millions ad 6 Bader, 36.8 
‘Trees of bearing S20 s.sisesceeees percent a aes Wel _ 8402 
Average yield per bearing tres . sebushels..3% tution a auntie 1.05 
Because of the 4-crease in the use of other table freits and 

‘fruit juices, the apple has met with very serious competition in 
home markets, ‘The foreign ma¥ket has also heen curtailed. Shipments 
‘for the S~yeat period”1997-31 sveraped 17.5 million bushels antually, 
“While tor’ ‘the 1932-36 iA ani the nena _— to WS milton | 
“bushels. | 3 
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maricat conditions ere resumed ae having. rowched the appalling totals 


of 42, dsby amd 400 million bushels, respectiveiy. In addition to 


tiie Late tut variable surplus mot harvested, the darge amount of 


fruit craded mut at the pesklng plants every year may average 
buh lab. gmdgt Amurbaty of produste ore made from appless apple 
‘produshi iudusteies use an average of agproxiaately 31 million bush 





ene year for food processing, distriinted about as 
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oe" GROG yOO> bitey 10 percent of total . pendaet Lote 
Dried apples eeeeres SOO 900 s * percent ° # 
Catmid apples «esses 5,000,000 * 3 percent * 8 mf 
apple sauce « 2,010,000 * hea pertent * . * 
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varaa ia addition to the problem of surplus, the apple industry is 
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wea Of waste from 
drying. spies dh te eemavot gskine and cores, and-17,090 tons of con~ 
nary Washo. . ee ee ae Ae Glos Pes vies wept 
tte is hanlec away by Sarmers and 
either fed 2rash or easiled for winter feading. im geneyel, where - 
age tout Subeoqueht.ueein ‘theextraction of pectin, or it ie sold to 
aanieturens Givmined Leeds, or prowxand used ac fertiliser. = — 
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OOO OI, Benthic shudies, ox the devalopaent of new or improved | 
whey frdn the points of view of siae, color, fiavers texture, 
ne tine with relation to frosts, date of maturity, keaping — 





| “qualit in ‘eborage, and shipping quelitys... AL, ia A ie area 


ai Norticulturel studies, aiteh beve for their purpose. the 
bien of the effects of varlety,.edil, climate er season, 
Oe hervisteds con) provasely, sur be pebantidal 











he Preparation. for market, including washing end ohben., kinds 
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Such treatment has for its object 
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ether table fruits ac foods and<the emecdingly large surplus, apple 
growers! .csociations realize that is is essential that new nonfood 
we nowety mmiedbe developed for apsles if norual production, frou the 
cis cbe be combinuai. . Decause apples and apole by~. 








research “Grosects, - ‘But before shietype of work cam be orgeniged. 
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| ly find industrial tise ac bases for ths eat 
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PEARS: WASHINGTON, OREGON, AND CALIFORNIA 


PRODUCTION BY VARIETAL GROUPS, 1925-38 
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o tw whe title ineludes peaches and acricots, cherries, plums, and 
prunes. Dates and olives, the only other stone: fruits of commercial 
“Gmpertance in this country, are covered in the section: on Tropical ani 

Semitroviealdpeite;s page 321g! soc few devine. ger OG 

o So hese frubte all rank high in a¢reage and farm value; and all 
are processed in large quantities for food consumption, by canning, — 

drying, or freezing, Their processine wastes, especially the pits or 
stones, bulk large and are capable of furnishing industrial products 
far too valuable to be disregarded. (See section on Processing 
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The teach’ crop ranks third: among fruit crops in the United 


- States, peaches being exceeded in farm value only by apples and 


orances. » The marketed crop averages over 1.3 million tons. annually, 


with a farm value ranring from 30 to 60 million dollars. Peaches are 


~ second, witty about 136,000 tons. 


‘stones, is‘ grown for the fresh market. ‘there is some. caning, and a 


“California, always the home of the peach+caming industry, has 
averaged more than 85 percent ‘of the kmown world pack for the last 
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5 yearsyo Inadditiony this Staté: has provided: more than 40 percent -. 
of the world production of dried peachess 9 0) 6 oe , 

| 4» Phevelingstone! peach has: been. developed primarily for eannihg, 
and) comparatively’ few clings reach the fresh markets Freestone. 
peaches areordised both for market and for-drying.  Qver GO percent 
of the freestone:peath cropyis;dried. In-recent years the drying of 
clingstone: peaches’ has been competing with. and lowering the market for 
the freestoness. This is: partly duaibo the fact that the clingstones 
for drying are by-products GP siirphus from the canning industry. 

As with all bree crops, the problea of disposal in maximum ~ 
erop years becomes acute. Even in normal years, cull peaches average 
approximately L7 percent of the total crops: In addition, there is. 
always' the problem of:waste from canneries and:drying yards. Both 
eanned and dried eabvnerencpteetgeat plt- waste alone may run as 
high as 65,000 tens, This material has an appreciable salvaze value, 
the kernels for both volatile and fixed oils and their stony covering. 
for .fuelcor activated chartoal.onThere arcyalso immense quantities of 
trimmings, skinsj-and Liqeid»effluent wich are now wasted and whose. 
cost, of disposal is.an added. charge, against the final product. 

In aki: probability, 90: to 95 percent ofvali the apricots crown 
in this country are producec in California. Other western States, 
including Oregon, Washington, Idaho, and Utah, contribute comparatively 
suall quantities. California's average annual production is about — 
225,000, tonsse) The 1937.crop was the largest on record, totaling — 
2549900) tones use; cooned s frosen pelp far the ice-ere 
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Most of the apricot erop is dried ar canned, Jess than 10 per 
cent veaching. the fresh market. On the fresh basis about 162, 000 tons 
are éried and 445000 tons. are eamed, california supplies the world 
with aried apricots, 45 to 50 percent, of the dried product being A 
shipped abroad, moatly to Buropesn countries. From u to 26 percent 
of the canned pack also he to foreign markets. “apricot pits avail- 
able for industrial utdlisation eccumlate, pity bem to estimtes, at 
the. rate of nbeh b 2,350 tons ‘annually. 

PRESENT RESEARCH 

Research on n apricots and peaches now in progress has. for its 
ditinnte objectives the produstion of high-quality fruit for the fresh 
narket or for processing, and the development or improvement of process~ 
ing methods for conserving for food use ‘that part of the crop not 
marketed fresh. Such work may be sumed up as follows: | | 

‘, The development of new or iupreved varieties that (1) will 
withstand epring frost damage and (2) are adapted to specific purposes, 
such as fresh market, ganing, and frozen pack. 

Re A study of fentors at esting wae and quality of the fruit, 
with as thinning, sot noi.sture, and irrigation, 

3. liethods of canbating diseases and insect pests. 

page Methods, of inhibiting davkening due to engyme action in 
dried and frozen-pack fruite. | ) 

| 5. Danslegnen’s of new eathete of ‘eile varieties now grown 

in pane to extend marketing range, such as frozen pack for home and 
institutional uses canned or frozen pulp for the ice-cream and soda- 
fountain trade; juices or nectars; and other specialty products. 
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Mg, Study Wie” ehayme bySteas of such rruite with’a view to con- 
trol 62 ripening, esa a 

“os sare sosition of the’ fr 
wersigatwcheuleul, Ghar shies 
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~~ 
Ge Study thecpitoilvand its possible use in pharmaceuticals 


push Asocésnebiesy shaving creams, etc. 


epoch. | Develop hethods for recovery of amygdalin. 
expen thy «Study thecutilisation of solid cannery waste by micro- 
biobogical means... reo | : 

> Lob2e\» Develop: methods for the disposal of liquid cannery wastes. 

oor irk3es. Make fundamental chemical studies on the organic constitu- 

ents of peaches and apricots. : 

ory 24. cMakeve fundamental study on the chemical constitution and 
physical=chemical ¢haracteristics of pectin from peaches and apricots. 
Lovlolo@herryrbroduetion is a Lei don-dollar industry. Annual 
production ranges from 115,000 to 149,006 tons. There are two well- 
defined. centers of commercial cherry production. An eastern belt 
extends from ‘iisconsin through Michigan and Ohio to New York and 
Pennsylvania. A larce part of the eastern crop consists of red sours, 
or: "pie therries," Western production, which is not quite so large 
asothatiefothe Eastern States, is very largely sweet cherries. 
Michigan puts up practically oneehalf of the entire pack of red sour. 
cherries, and the three Pacific Coast States pack about 95 percent of 
the total output of canned sweet cherries. In addition, 10,000 te 
17,000 tons of:sweet cherries are barreled in sulphur "brine," for 
later use in’ processing maraschine tyne cherries » or for inclusion in 
eannéd fruit cocktail or salad fruits. 
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The cherry crop offers a problea nob only in, nase, SUTRAS, 
but. also 1 in damaged cull fruit. Cherries are very susceptibie to. 
cracking if rain falls at picking tine. The ripe cherries crack {rom 
expangion and in some a nearly the wasn crop in certain locali- 
ties is. dost, 4% hee Teason. Tree fruits offer, a Serious surplus ‘ 
problea since it takes a number of years for the trees to come to 
woth , after which they continue to bear whether a market is avali- 
able or note For, exauaple, it is estimated that 500. carloads. of 
eharcier. were, produced in 193° in the Yakima Valley in Fashington _ of 
this orem, only 425 care were. shipped, including shipaeuts, ta, canger- 
ies, he Se ae Te ot ee ae, Parente or WA Wee Tnchhe 
Levisten district of Idaho, of 100 carloads produced per year, 50 to 
00 cars are estinated as constituting surplus and waste, 

oa i haat been estimated that during the 4-year jéPinn 1933— 
the harvested cherry crops of the United States were utilized about, 
She Toveley asthety of Paneer ehiee oF Was Reet RAILS 
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con wake cre vena. studies an the ahyweidiwe somata: <° eee 
6 The preparation of concentrates, juices, sirups, and frozen 
Cayo. 
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The present program is not broad or extensive enough to relieve 
Eas. ive, shee: at 
the serious problem of surplus and waste cherries , and the aon 
Aad 4 orange aro pies, Dah Bee Ga Sie we 
projects have been gested in the belie? ‘that intensive ‘work may 
may be define? af @ pow that “hah. mat a 
point the way to economic diversion of ole’. of the erap ‘inte ae 
ie VLE aie, Chae ibe 
trial channels, 
Pimest heve & fowm veloe o $4” 7 
1. Study the factors ann inehwenie the ¢ eruoiing of ee 
the canned pak BVErT gos jas" were A : ve 
cherries. , 
tery yen in Wichigen ant the Seiagte toe 
Make vitanin piudlae on the Phe pod veritas of “Cherries 
veraet shes States contri ivting ame canoes 
and develop methods of phn ag of the nutritional peracniet~a of 
renee are: ge oh RIT? Be? shes: ie: Sa 4 es ae 
the fruit. : 
“pagen ond Weehiingtin aie atic Soviet 
3e Develop sore matuamesary methods for the achydration of 
tne Fesneh pram Le the antes welieg arom, © : 
the fruit, preparation of concentrates: and sims, ‘and ‘the ® brining « or 
prunes reeal the reieli aeiwl, Soe post eke eo bitte dices: dugs 
preparation for maraschino. chalvina. | 
Cried, Toth freak ast d9Ge0 oeyees au comet, aad Yo oeiua | 
Make ivan ciagiea chendoal studies on the constituents of 
the give ot “These pay is pi wa ant protein of ‘the pit, , volatile 
incestry's The srempe Ces oti ian 2 
flavoring’ constituents of the flesh, and the pectic material. 
GS —— sears ie GRRE ee a Sie 
5. Develop mathods for the Sdparibl cei of ‘the we BD volatile 
oc shew £6 set Widen: rua cons 
oils, and pigments from cherries. 











6. Develop methods for extracting oil from cherry kernels. 
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i AN cep sed hie preparation of orgenie acids, miodhoss end 
: Outs sa the « use or bacteria, yeaste and nelda, fron waste cherry 
ps me GaSe : 
“ena sy ihe preparation cf activated earbene fren pits, 
cod make piywtochantcal studies on the abearptive provertion of these 
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ee, A sruns 
nay be defined as a phim thet will not ferment shen dried without ree 
noving the pte 
| 5 Vouk bles & tiem elon a? 2s Led to 264 militon delbars 4:70 
the canned pack averages just under 200,000 cases « year. The induda 
try centers in Michigan and the Pacific Coast States, with liew York 
and otter States contributing sual] ascunts, 

Prunes are grom almost entirely in the Vacifics coast States. 
Oregon and Res sear ater raise nostly Ttalien prunes, while in California 
the ‘French prune is the chief variety grown, Comparatively few fresh 
prunes reach the retail market, the reat bulk of the prune crop being 
driede Both fresh and dried prunes are canned, and the quick freezing 
ot peehe and eum palp and of prune juice or mectar 10 « growing 
incuatry. The average anmual production of 2%),000 tons of dried 
prunes represents about 590,000 tons of fresh orunes with « farm velue 
6 ee FF ee Se. 
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While approximately 600,000 tons of pluus and.prunes. are, proo- 
eésed annually, there is comparatively little processing waste, since 
the canned and dried fruit is meither pecied nor pitted.  frobleus . 
fecing Eben shdvehes.axe surpluses in years of maximun production, dis- 
cards fron Sorting tables; .and nonuerchantable. Griedfrudie pit ned 

due to a decline in exports, and, to. the competition of cresh 
craits, canned fruits, and juices, the dried prune market has fallen 
off until the most) serious. surplus of the dried fruit industry is in, 
this, field. | 

caved es te PRESENT) RESEARCH faF the senulacttwre of 

oben Present. Research, from the point of view of production, is 
similar to that: outlined for-other stone fruits. From the standpoint 
of. ubilization, resoarea is uostly coneerned with: 

12. Theoproduction of specialty produsts in the fo0d.field, 
euch,8s sixyups and concentrates. 

Re . The development of methods for the disposition of wastes. 

BUGG SSTuD RUSHARCH 

hocortine to research workers and leaders in the industry, the 
above program. should be fortified by active work along the line of 
the following sugested projects: 

i. Ghnéust vitamin studies on fresh and canned prunes. 

2. Improve the methods of handling, drying and transporting 
with a view to retaining the maximm nutritional qualities, 

3. Study the —— of prunes in the treatment of anemia and 
other disorders, especially in infant feeding. 
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srop has averaged over 2 million tons in recent years and roprysgnte 
a cash incone of fran 40 to 50 million dollars a year. The bearing 
acreage is at Aeast sufttot ent t9 madrtein production on the present . 
high levels California raises wines raisin, snd table varieties, — 


FoR Juices wine, and fresh market. The Cal- 






déiitite « erop 2 9 , roeene nore. then && Perey, of the total. . The crop is 
utilized ia the corn of (1) table POpess (2) raisins, (3) juices, _ 
(4) gemned, grapes, and (6) wing ee | 

er surplus problem in the grape intense 4 een often be relieved 
by atvareton of one, type. of materiel to the other uses. For exanple, 
raisin grapes are the only varieties canned, and the surplus raisin 
crap na Alas be civerted to, thp predietion of brandy for the fortis. 
Fostion of winey, ut whem auxtam ylolda sacur in the ase season, 


in all the prtotpal, erape- % areas, the situation becenes acute. 

















fruit as welt as pom peters cated Sateen of Gents at 
canneries, drying fields, juice plants, and wineries, 








ce iit Reda eRe wht Sorwenkt meng ome sage 
temwogeat doom ot tot yh seh yuowe deena ak abas 





s “08 bon a mi tune Sum ALAR AD aD oe tm 








“qa ois euley ovat af eeqay, grdisinewttue — store ‘ itt 
oqety Lama eat serman salre a sb ston te gate =n 





endian thtek kan qataten eontw eontey | byt 0 

«ted edt wtertune: eur bee yecke ook 02 mr wus seqeny ateduat 
ak gore edit skated ode to damenag 8 amet oxo os rs GOI BioLORE 
stents, (6) .omtekes (3) .seqetey eidae ea) wo mot al aE bow si iste 
soneber (8) toe 
beweifon od uadto aso yuteubat eqeny oid mt med 
gO leene xo stoan eonlde oft ot : 

state: wfewe on? hao gbenes sebtolier 
<td? dd xo? ybaord to eaeeieinid ot hebovt 
site ou esti to sobsnat® 

























“od biimse soktan'ittu 26 shodtet 
dante eukquse 70% dobtue | 











sbeagoto 8b witrors steer’ ot cand ; Plane ata oat 


riquegd he sien inrmcgn  w se Hoe on ohe 











ith, f “ Probabdy the texyest Stese in the tyepro-ucte iet are goods, 
stone, ond other ratain wate at the drying yanis, end pomseey argols, 
and lees at futee plats and wineries. there are ne etetistics evall~ 
able on raigin waste — al oe ammsl sreduction of grape 
ponace of about 185,000 soins ‘Tis fretades kines Pubpy and } wont, 


Be noe So epapie abe (3 ey ar he eS 


diver Bt — for hale ccntent o F tonntn, Agente, otarvus 
Ae tet saree . nisi ia alt eS eae Se 
eit r rion 


the argole and lage fron juteo slate and winarioe are valu 








Rg RAO al Hey bes 
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divested along the line of feed end beveracze uses. Problems wunider 
study ingludes:. ie Saye lewecss, weupiiutin, aad axtieepeicn ef 
oe. My olletheds of preparing grapes for shipment and storace 
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io eGge The predustion eat. preservation ef the various types of 
wines fs Orew. op mew teen oes. ees 8f ertreeiiee Gi toni Pra 
ernie Qgnx: Saec'peotpothier-b0-eekein sirupse 
Ss. The produetion: of raisineseed oil. 6 9 
io Fe Methods for the eeomeni¢al sanufacture of tartrates. 
oe igheggude Lewis SUGGESTED RESRARCH 
indicate that -produsers and prosessors are ware of the possibilities 





for imiustrial utilisation and will welcome sucsestions for trorevenents. 
os “faecresenrsh euggestions fall inte the follewing general grouse: - 
the effect of aaturity on storage and general utilisation, ~~ = = > — 
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Auorioeths »Envestizate the drying of winery waste for stock feed. 

Se study the gel properties of crane varieties and investi- 
Ge Enwestigate the odors of grapes and develop methods for 
a Ce Revebop uses for raisineseed oil, with special reference 
to the césmetio industrys About 15 persent of the weight of the seed 
ie 611. Pert of it is now used for spraying raisins, before packaging, 


oo” Seo Bevelop new uses and methods ef extraction of tamuin free 
ote Oe Study the wesevery of oi] from grape pomece. 

lls Develep methods for the economical handling of wine dis- 
tillery sludge and the reeevery of the tarbrates as ealoliua tartrate 
ol We Study the predwts ef destructive distillation of the 
 - “ee Investigate the utéilisatian of the oress enke after oi] 
ote Bevelop uses for grapevine srinalnge. 
the seed. 
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 dmoriean farners.of neerly 60 miilion dellares . 

Strewberries, the most. impertent iter camercially, have 
eecupied em eree of bout 175,000 seres in resewt years. fhe chief 
producing State is Louisivna, wich has turned oul anmuelly over a 
million erates (24. quarts) dn resent years, Other leading strawberry 
States, inglude Florida, North Carclina, Virginia, and Marylend in 
the Eadt; Arkentes, Temessee, and dighigan of the Central states; 
and the three Peoifie Coast States, California, Oregon, and Seshington. 
the total erop amucily amounts to about 1165 million crates and — 
yields the growers « onsh incows of frou 25 te 55 million dellers, 
in some Yoeent years strawberries whervested on acecunt of market 
conditions have been estimated es igh as 500,000 crates. ‘he Pacific 
erthwest packs ebout 76. percent of the senned strawberries and 65 por- 
‘eont of the frozen berries. 

Grenberries, next in ; ‘are grown en 
om area of about 27,000 aeres, The totel erop anuually aneunts te 
mbout 600,000 barrels, of which Messachusetts produces more than — 
cal fe: fae.other crenberry-grewing States are New Jersey, Wisconsin, 
Washingtem, and Oregon. This erep aminaily amounts, in cash inease 
‘to growers, to about 6 to 7 million deliars. Canning of cranberries, 

States, New York and Mighi, 
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in the West, the 2.castern states packing # little more than 50 per 
gent of the cenned berries. ‘The freten-respoerry pack in the Pacific 
.» The growing of legenberries is prectically linited te the 

Paeifie Eerthwest, principally the Willemette Valley of Oreson and - 
the Puget Sound distriet in a , The average pack of conned 
loganberries is about 200,000 eases. In 1987, the frozen pack was 
over 2.8 million poundas — 

Blackberries are grown, in general, farther south than rasp< 
berries. ‘The principal aress of sestern produstion reash froma north~ 
eastern Texec up through the Uhic Velley. Gregon ani aashington pack 
over G million poumds in 1957—_ 

The few thousand ecres of currants in the cowtry are located 
mostly in the lower Hudsen Valley and en the shores of the Great = 
.. . The United States is the most imvortant produser of strawberries 
and respbervies in the world, growing-over 90 percent of the world's 
strevberries. Engle produecs the bulk of the world's gooseberries 

Berries cocupy a rather unique place in the field of fruits. 

They are characterized by their fragile and for the moat part highly 
perishable nature. As fresh fruit, they met be harvested and egn- 
leration.. Various feed produets and canned specialties prepared fron 
berries ere highly priced by the consumers — 
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etudy of, the effect.60-the. application -of-epriain ainersle-wpen the 
‘@hippins qualities of straryberrics. 
@, Irrigation of berries in the hwaid region 
Se Study of methods for senbatiug diseases and insect pests. 
yon er Seerage of erenberries, desicned to lengthen the distrib- 
ubing Seel@len<) whieh af ance 
% Wutritive value and composition of crenberries. 






Me Studies om the eanning of berries, 

berries and improvement of the wuiformity of the product. 

ce fhe preparation of frozen, preserved, and juice produste 
end the study of spoilage orgenisms and actheds to prevent their 

1%. Feotore affeoting the quality of strawberry juice and the 
‘development of « practical method for preparing strawberry juice and 
‘rae ‘14, Manufacture and preservation of cranberry products, ine lud- 
tien of pectin and other precipitates fron the juice and sirup, end 
the prevention of deterioration in preserved eranberries are the prin- 
magus eejeethetay ao errine for foe) omoereurviee. 
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“sj ond sethods of wamfucture on the nutritive value and escor- 
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“  N6eo Deve lopment of new and drorcved naburel flavors and pre- 





paretion af new flevor concentrates. 
“) 38e° Lavestication of the waxlike eoatin: of sraubsrries. 
Fetooe Gime. 9 ition of weste in packing of berries. 








88S.fhe highly perishable nature of most berries greatly limits 
their extensive distribution in the fresh condition or im foras. 
which satisfy critical conswaer demands, Therefore, a intensive 
prograneflresentel dasigted-toidmpreve the quality and. stability of 
the fresh fruit. is of considerable impertamee, The develooment and 
improvement of new food or nonfood sreduets, by-~produets, and special~ 
ties are alse hichlyv desirable to silerease the value of the crens and 
to nininige eurpluses end wastes, j 
ly wilimited possibilities: eleng the sever: 1 lines of investigation 
which have been succested. 
Frosh Medes rorislogioal etudies a berry waste 

“= @» Fertilizer requirenents end effeete of varying fertiliser 
oo BA -wtudyof ‘the 6ffeot of variety, soil, and other factors 
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. 4, The preservation ‘OF Verrles by fre 
Leth the divtributing season. 
tl Sac rantanented study of the composition, Aseluding separn~ 
“ptmeni studies en vitgetie, end the nutritive 
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| : We Preperation of be of oF oF Yuproved comercial produote te ins 
st ne value of berriompnd ve take care of surpluses, Pregere- 
en of sirups_ and toppings, siieed; wines, Jellies, preserves, end 
—eonentratan, | al - 7 
- 12. Miorebgoloniéal “eteutien on Derry. waste. Production of 
ar ieoriins sioctalng ketones, and joreent agide-tf Sontrolies formenta- 
then, | “ e > >< : e . 
iB. “Wei Tieatiion of eabaany Waste and dleposition of Liquid : 
effluents fron cusieorion. These constitute serloug “problens and : 
"J should mm given immediate attention in order to inoresse efficiency 


amt prevent pollution of streans. 
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the teyear parted ending fr 1909 was about GL mfluton, end the value 
Yond from 10 te 19 mi Miion dolled. urine the paet § yours s, the 
production averaged ateeb the geome but the Saicdngtepaitend 


prancing fraw 8 to 6 ef liion dollare. 


TY Gone yoora nary weteramlon« are left in the Meld because 
of adveles wintwt: oe setny Thee her not: her wed win & Menthe 
Cok percent of the Ning in 1933; and vedh t (4 percent of the 
erep) 1 19986. saGaren on watefeelans is devoted té the fole 


lowles The commercial production of carrbaloups and other oushnelong 


averages about 23 afta eretes a yéare For the Seyeur period end. 
cantashilye The value in 1997, the hi;hest ainoe 1931, ws 16 milion 
dollars. NUSKNELOAS 
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Yorabie Market “sbnditians We misknelows not Harvested anodhted te” 


approximately $,102 ,000 crates” (19 percent of the entire crop) in 1932; 


863,000 (6.7 percent of ‘the crop) in 1983; and 410,000 (8 percent of 
HE eee) E988. 





~““* “aternelons are raised exclusively for shipment to the fresh- 
fruit market, The rind of surplus watermelons may be brined for use 
in sweet pickles, but pickling varieties with thick rinds are grown 


especially for this purpose. ‘his is a specialty product and the mar- 


ket is easily overstocked, Some surplus is also used as stock feed, 
and unharvested watermelon’ may be ploughed under. Wanj tons of water~ 
melons are used for seed, which leaves the producer with great quanti- 


ties of waste » most of which ig now a total loss.” 


This Survey has révealed that little active research on water~ 


melons ‘Ys in progress, “and few specific suggestions for résearci were 


speaiear, © 


The principal 2 research on | waterdielons is devoted to the fois 
Towing: nen 
ihe Processing or’ ‘canning the ‘Sie 

Becomes of the seeds and study of the’ Dingo ‘Or lie - 
seed oil. ens tease lieta sama : : | 


Cantaloups and other miskmelons alsé are raised entirely for 
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ket melons are wasted in normal years. In Colorado alone, an average 
of a million pounds of cantaloups are harvested each year for seed. 
The accumlation of waste at the seed farms constitutes an acute dis- 
posal problem... 

The main object of research on muskuelons at present is: _. 

ie Development of metnods for drying musimelons for cattle 
feed. Much more work is needed on this project. 





_ » Fundamental knowledge is needed on the nature and quantity of 
the constituents of watermelons in order to prepare marketable pro~_ 
ducts from watermelon waste. To obtain this Imowledge the research 
ee below will be necessary: 

1. Chemical analyses of fruit of different varieties at dif- 
ferent stages of maturity. 

2. Studies of the vitamin content of different varieties at 
different stages of maturity. 

3. Development of methods for drying the waste for storage and 
subsequent industrial utilization. 

4, Studies to determine the physical and chemical composition 

£ the seed oi] and develop new uses for the oil and its derivatives. 
Se Fundamental research on the protein of the seed, 
| MUSEMELONS 

Before -nonfeod uses for muskmelons can be developed, careful 

analytical study will be needed to reveal what recoverable substances 


are present, The following research is suggested: 
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ae 
ls Studies to ester Ane chemical composition of different 
veraytees i = eterent stages of naturtty. | 
2. An investigation of the vitenin ‘and or enzyme content and de~ 


pe 


velopment, of ethods for ‘their recovery as concentrated substances. 


en + Rint 


. studies designed pad nprove methods for arying and atoring 
waste for use as feed and tor industrial utilization, 
a 4 a sindy te determine the paysical and chemical characteris- 
ties 8 of the protein of the need. | 
‘Ss Studies of the ‘piysical and eb chemical so ie anna of the seed 
oil, as well as s possible derivatives. 


& MiersbioLogical studies of the waste with the object of ob- 


taining higher alechols, ketones, ond or, ganic anids. 
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pater variety of veretables, the t 
8 tretled since 1926. : 
ais@*in the growing of fresh vegetables for market, and also 








in these grown for canning or wanufacture. ‘The larse areas of in 
creased production have been in the South, in California, and in | 
the sections adjacent to the larce eastern cities. 

Notwithstanding the large increase in production, the income > 
to the farmer from these truck crops has not increased. ‘The truck 
growers were receiving a total income of about 250 miliion dollars 
12 years enh, ani about that same amount for twice the quantity of 
crops during the last 5 years. | : 

The leadin: State in production of commercial truck crops is 
California, with more than hal? a. wALitow acres. Texas ranke next 
with about half that acreage, and other important States are Indiana, | 
Wisconsin, Maryland » New York, Florida, and New Jersey. 

an idea of the area devoted to the more important vecetable 


crops and the cash return to the farmer may be cained fron ‘table 


anc the map on page 29 
curplus of market reguberths axl carry-over of canned cooda 
have combined to depress 





peices in recent seasons. In spite of a 
£5=percent reduction in acreage of sweet corn for canning in 1933, 
a good crop resulted in a pack of about 19-1/2 million cases, a 
figure which has been exceeded only twice in the last 12 years 
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In fact, the quick-freesing industry is opening eo new field 
for the year-round retail distribution of vegetables. The Western 
Canner and Packer (April 1938) estimates the United States frozen 


vegetable pack for 1987 as follows: 


Corn, cut - 


" Asparagus 6,254,474 
Green beans 6,870,054 
Wax beans 454,141 
Lima beans | 17,994,572 
Broceolt | 2 y094 102 

| Brussels sprouts 258 ,780 
‘darrote $51,705 

Cauliflower 262,415 


| Peas | 26,198,016 
r Peas and harietn "162,808 
ta 4 352,659 
squash 407 ,087 
" iiscellaneous 50 482 
Total 3 69,717,947 

Dyson anid 
Corn on cob» 556,603 


4,066,655 _ 


- Even more spectacular than the rise of frozen veretables 


is the development of the tomato—juice industry. In 1929 there was 
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a asec neti pack of 185,000 cases, and in 1957 the pack was 
ae 9445 ,000 cases. This represents a lie ol fold increase in less 
than 10 premray , 
: ts 1s g canned vegetables are tonatoos, corn » and peas. 
Hore then | 7 aii or Ibe ‘Sromen vozretatile pack is green peas. Green 
Hina beans, a minor canning crop, rank second. | 
ey on production and fara value” of vegetables grown for both 








fresh oket pale ant processing are given tn taite 40, 


or tion ‘of, vesetatles is a sano amid and most of 





tho aried oroduct is exported. 


/ cor food wee, and under tte 





“mn vegetables aré grown p 
catalan? patie a 40 aitverent products are of economic 






certain Land areas ore partioulerly suited to the roma of specific 


vevetatdons freee, naturally. become centers of production, which re- 
Sicsdpibttlictnapad tedapeddlinene ona 
an the food market, and some nethod of handling this material should 





‘gurplués- under ‘eortain econoni.e cénditions. In 


be developed. Gneway to accomplish this would be to divert such 
serps products to industrial. uses. ae tenet 


| A 2 Hxamplbs of: jenon specialisation are » the production of winter 
: snd very early 8 se ables in ‘Ylorida, Texas, and Galifornia for ship- 
“rent to northern markete and the crowing of peas in Wisconsin, where 
‘approninately 86 gerouak of ts. Batted 's canned peas. are packed. 
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Tn the handliny ef vegetable crops, there arc Lerce’ tonnazes 
vegetables ‘met be trimaed and the cull products secrezated before 
trimmed or topped end the-eull material sorted out; and cannery erope 
In general; the contercial handling of these commdities requires 
packin; or processing at central plmts, and as a result considerable 
tormarers of waste, such as trimdnes and low--rade, off-standard, and 
cull materials; accumilate at these cestral points, “This ie an ax- 
portent facter-when concentration of raw materials and availability — 
for industrial utiligstion is considereds:) 9 © 
to prevent it from becoming a public nuisances, This is esvecially 
true of salad crops, such as lettuce, celery, and new cabbace. a 
8 nonfoo! status and beconts a product of low value or even @ 1iabil- 
ity. It iscon.this phase’of the wegetable-crop problea that the. 
Regional Laboratories should concentrate considerable effort. If this 
waste miterial could be returned: to the farm in the fora of feed or 
fertiliser, or could be made to yield derivatives of some value, part 
of the cost of production and handlinc ef the food portion of the crop 
would be absorbed, or a new source of profit micht be develeped by 


‘diversion to © nornfeod uses. 
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The need for 4 definitely formilated program for intensive 
-erops is esphasized by the tremendous quantities of material avail- 
able aid the Limited amount of research now under way.” 

"Me receiving centers’ if the producine district, where’ fresh © 
ve RARER ARG PocREA Oe CRAMER POP enttnbit vant GuenbtEies of 
triteting®' from the leafy ves 

milate and must be disposed of. Althouch some of this material 
tay be returned to the farm for fresh feed or for ensilinge, by far 
the greater part of it cst be carted away, dutiped, or burned, and 
‘the cost of disposal becomes a part of the handling charge. No 
éetinate Of the total amount of this material, either as a whole or 





ables and of tops from root veretables 





“ag concentrated in various centers, is available. lowever, ae an 
exauple of the condition facins all truck srowers, it is estinated 
“that the cost of @isposal of waste and surplus lettuce alone in the 
Salinas Valley of California is shout 920,000 a years 

“o" > Th estimating the amount of trimings and waste available at 
‘processing plants, there is a tangible basis from which to work, 
wince ‘the packer knows his tonnage of raw naterial and his pack of 
finished goods. From such data it is estimated that of the corn, pea, 
and tomate crops moved to processing plants, core than 2 million tons 
is nonfood material. havaianas a ee 
more sity under Pebsaapeoneed vastes. 


ee 


























3 








ee crown prinarily for food, it is natural 
af de smerny crops should “Seal” with ‘food 
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work are directed — to utilisation as food. Considerable oven 
tre er shavren effluents and a tosd-plant 2 
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4° novi Hint’ nolo new oF fap proved varieties, "of better: site, 
color, ‘flavor, “veeture oP 
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thdds for control of diseases and insect peste. 
Rarity Itt ee EE softs tind’ Portil tears “on “quantity and “quality. 
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annitritive valley effect “SF fone ‘cocking, 
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of + Andustetad. uli Maation et & 
comand on in of food and industrial uses is indicated by — 
went stations and dren industries thet ore either present ov potential 
. products, The main lines ei suggested research. 
on. trusk crops are as follows: 

1, A census of the constituents of vegetaties should be made. 














have a6 an objective the evaluation of the mutritive qualities of the 
products which may serve as a tasie for application in irustrys 

 &e These studies should include evaluation of trace slevwrts — 
found in vegetables ani their possible role in nutrition snd tn the 
growth of-the plant iteslis [tia hnoan that the presenee of certain | 
diseases of plantes Application of such knowledge may provide serewet ite 
of plant diseases or bring sbout an increase in yield per neres 
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Ar role in PS. should be gained from 


epplication or develop new synthet: otuctea. 


6. Mork should be done on the sii me » walaind eongan= 

trates for use in the food industry or ss a meme of preservation of 

the products until such tise es they eculd be used in industriel prosesses, 
Te Too Little is mem about the specific mature ond reaetions 

of the onsynes ooeurring in vecetebles, Studies sheuld be anade of their 

rele during growth end their influence during storage of veretableds 

The oxidising enzynes eauas & creat deal of trouble in food processin;:, 

ead better netheds of eontrol of darkening end of exidised flavors 

shevid be deweloved, Oteuties should alae be owle en the poesible extrace 

tlon of veretable enzymes and their application in industrial proessses. 
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8. Some work should be done on the possible use of starchy 
vegetables as sources of starch, flour, anéd adhesives. Certain plants 
might yield materials with very specific characteristics which would 
make them useful in industry, This is being considered in greater 
detail in the section on Root Crops. 

2. Som vezetables contain considerable protein, which might 
find a place in the field of plastics. 

| 10. Methods for utilisation of waste and surplus vesetable 
material and methods af storage of such material for future processins 
should be developed. | 
11. Fundamental studies should be conducted on the components 
of vezetable naterial in order that more may be known about their 
physical sronertias Pt solubilities » chemical reactions, and stability. 
This information would form the basis upon which industrial chemists 


misht build up application or develop new synthetic products. 
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tons of highly perishable as Th addition, each year there is the 
king shede, and from 5,000 to 110,000 tons of cabbages 

| The mmuerrant futon ye of abeen:, 120,000 cagee indtcstcs 
fermentation wate, At least a srall part of the. fresh trlesings are 

edly ubilived 26 etek féed, bub according to reports made to 
the Survey workers, no atadies on the wiilization of the lange accum 
lations of cattage wecte nre in progress or are contemplated, althouch 
the digsdenl of thie waste ts an expense to growers or processors. 














food utilisation of eveusbers or their by-products. ‘The research now 
PAs dewted to vroduetion and to improvernt in plakLing | 
le Tevelopment of imoroved strains. 
iS O° 2° Ree of faeters {nfluencing the yield, grade, and shape 
of ee 
i solar Sveti dotome to redone mien in comarsial tantnes 
he Seuice in fern Loroblology, ineluding ali factors 
having any influence on rate, quality, and control of mann laeburing 

















aoe ih Bee i Reale Mere Tn Rye 
SU SOON Te 











GIGS be Ges Atecoret of sameeren ecto b wre hee wayoctiaets 
superior strains or varleties of cabbages 
we stigation of the effect of soll tyne on chemical com 
position of cabbage and hence on fermentation of sauerkraut. 
3e A study of the relation of environmental factore te the 
rate of fermentation and the quality of the saveriqaut produced. 
fe ~Stalies on the vitamin C content of sauerkraut and sauer~ 








| fo speeifie sugzeations for further research on cucumbers wore 
made to the Survey group, but it is felt that certain pisses of the | 
present research should be continued. ‘The following research projects 
are suggenteds 

1. Fwrianental stwlice on the salt tolerance of exsymes active 
in the pickling process ani their relation te quality. 

‘2s Tewelopnent of methods for the recovery of organic materials 
in solution in waste brine Liquor, and detersination of what in avatl~ 
able for further use. Salt used may also be recoversd for cattle, 

3e Davestiawtien.cf wethate fer acivecing cucumber wate at 
seed plants. ‘The natural constituents of this fresh waste are undoubt- 
edly quite different from the dissolved materials in processing wastes. 
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wort. fa@hobeereps are grown commercially in the Southern States and on 
the Pacifdesetbetsrovers for tswe nuts | 
Cultivation of nuts asa commercial crop began on the Pacific 
céasty with the introduction of»almonds. and: English (Persian) wal-.<. 
nuts into California bysSpanish settlerss:.At present, 90: percent. of 


American almonds aré grow in Californias There: have been extensive 


plantings’ of walatits im Oregon in»the last 40. years, and commercial 


plantings of »filberts ;in the. Pacific Northwest are even more recent. 


Pée¢ans are -nabive:te the Southern States. Inproved varieties have 


been developed by selection and propagated: by budding. Of nabive muts 
nov domesbicated, black walnuts from the Eastern States: and pinen nuts 
fromthe Sonthwest-have an established place-in fetail markets. «=. 

ve the Inetecentwears from 20,9000-t0.14,000 tons of almonds have been 
produced annually, with a farm value, of 2 to 4 million dollars, ) jiai- 

nuo production in Califernia in recent years has ranged from $0,000 to 
99,000 tons annually. The output of improved and seedling pecans has 


ranged from 20,000 to 50,000 tons fare grown chiefly in Ore-~- 





gon and Washington, The Oregon outputshas increased: fran.69 tons in. 
1927, tO 2)250;tonscin 1957. toe soomele for sersehin n Tne Survey 
toat - The total crep.of tree-nuts in-1938.is expected to amount to 
about 84,000 tong which is slightly below everage production. This. 
erop includes (45 5200:tens,.of | English walnuts; 24,400 tons of pecans, of 
which 99220 tons are “itproved werietbies,end 15,100 tons wild and sani 
ling pecans; 12,100 tons of almonds; and 2,200 tons of filberts. 
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The productiion ~ See0 bebe iy with = ren exauption of 


wild and seedling pecans, ry expected ‘to increase somewhat during the 





sees few years. ; 

Prices toe rovers for ‘twee nuts tel. to low levels in 1930 end 
1931. since then the prices of walnuts and tuproved pecans have de~ 
ye Fenech soaewnat further. "Prices of wild and seedling pecans have re= 
nained low, on 1 the averages Almond prices, on the other nts were 
hich in 1935 and 1936, ary even in 1937 when there Was a , bamper erop 
they -enigoae oe atove their depression lows. 5 

ute are used prinartly for ood either ‘trectly or or &5 Cone 


sti tuente of pastry, candy, ice crean, or other su ch delicacies. 


lost of the research now in progress is directed toward the prepera~ 
tion of the nuts for narketing. ‘There has been no extensive investi— 
gation of the econaunic use of nut ‘shells. Very Little is Fe yon | penal 7 
on the nonfood uses of the nut kernels. i 

Wate the varieties of nuts included in this report differ tn 


some respects, they have enou in common to werent renee as & 


ore. 





The research in progress on “nuts ts aSma ted and Geals prinerd~ 
ay with the preperation of the kernels for narketings Tne Survey showed 
that. the following projects are : in progress: 

1 studies of kernels to determine vty s some are not well devel- 
oped and how thie fault my be corrected. ee | 

2. - Pathologteal studies on mn pecans. a, 
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3s The atuiy of fates to oovide adacuate sed coon 
protection against ‘Certain types of spelen, 

“— de Eaperinente on tho renoval of walnut wists ty the uae Of 
ethylene adapted to comarret.al 
of value in rateing the grade of shelled mut neatss 
| ‘Se “Stuttes on the emring and storing of mt woets Por jroteo- 
tion on agntnat th the ae velopuert of raneidity or objectionable “lavors. 





‘eonditi.ons. ‘These are proving to be 








5 gy TR ee 
ieee San‘aas eande ceuaelle Go Gl pebocaies 1b 0L ba cee 
to have more fiundenintal knowledge of the kind and quantity of con 
‘stituents in the various parte of the nuts before investijations along 
certain Lines can ve advanced Certain other nes need not, depend on 
~ gee Studies of beth typen suggested for investigation ares 
n 3 ' Pharttense dedles Gb wie mid ebberdlon 40 te ententive 
factor reerensible for the development 0: vali Lernels. | 
"le The develagamt ef a machine for the satisfactory shellin: of 
wallets 
3e Insect control in stored ruts. 
40 Development of adequate methods for sterage end cannin: to 
reterd or inhitdt development of rancidity. 
S, The study of the vitamin content of nuts, and the extraction 
and possible concentr tion of euch vitaxins for comercial concentrates. 
6 ‘The determination of the chemical composition of different 
kinds of nutes at different stagee of maturity. 























or 813 | 
ae 
7, Fundamental studies to determine the constituents of walnut 
huskse .. 
| 8. Fundamental studies on pecan oil involving proper extrac- _ 
tion, PReRP TRIER » constituents, and derivatives. 
94 A study of the use of ground nut shells as a filler in cer- 
tain rubber preparations and their possible use in making plastics 
and insulating ELT RAIS 
10. The preparation af ground anelis for abrasives ; for use as 
a dusting agent for cleaning certain types of firs, as a carrier tor 
certain insecticides, » and as a diluent for certain insecticidal dust~ 
ing powers. Pas ee ON, aa ee ee ee 
dle The preparation, of activated | earbon fron shells and funda- 
mental studies of. its adsorptive power 
12. A exited. cpt of tee iignin in ext ‘deelis. 
i$, The distillation of walnut shells and the study of the vola- 
tile and nonvolatile portions. 
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It will be noted that the solid wastes are arbitrarily Aivided 

into two genérél types, nonderishable and ‘perishable. \-ghe handling 
or disposal of the perishable and liquid wastes has always been an © 
acute industrial problem of national importance, Its solution is be- 
coming particularly urgent ‘since the enactasnt of recent State legis- 
lation, sponsored by national resource conservation associations, : 
particularly the fish md°same commissions. The acuteness of the 
problem hae been increased because these recent laws prohibit pollu- 
tion caused by dumping these wastes into streams. When large quan= | 
tities of oxidizable materials are promiscuously dumped into streams, 
unsanitary conditions result, and fish and other aquatic life are in- 
jured. These waste materials déplete the oxygen content°of the water 
and thus ¢ause the death of aquatic life. Scientifically, the phenon- 
enon is knowl as exerting a "biochemical oxygen demand" on the stream 
or body of water. This may be expressed as a measure of the oxidigable 
material added to a stream or remaining unoxidized at the particular 
point under examination, and constituting a draft on the oxyzen re- 
sources of the stream below that point. 

-..oGepislative azeneies, however, have sade but little attempt to 
help those who eause the trouble to provide remedies. The solution ~ 
has beén left: largely’ to the individual offenders, and in many cases 


no solution has been forthcoming. Many of these private enterprises 


are not staffed with scientific workers, nor are they financially able 
and equipped ‘to earry out peseatch along these Lines. “Reséarch on » 
the getieral sub ject by State and Federal agencies has been largely on » 


metheds of detection of pollution by means of the "biochemital oxygen 
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. These, researches Dave: snot- eka concerned with. tines conservation 


of the waste materials: dor further. industrial. utiligation except in. 
& few bi ah na It. has: seo urged that one of the major. Aubine of the 


de Tobe 


pp a at 2 Ak aruiaak ibiiaide alien for hea these 
waterials, If waste materials are to be available for industrial |. 


utilization they mst be stored over long periods of time. Tt aust. 
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ding that the preduction of the co 
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ties which con~ 





tribute to the waste supply is seasonal and that the wastes accum- — . 
short periods o. times, This agans that if. 








manufacturing purposes, they must 


be so processed initially a to furnish the continuous source of sup- 
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ply necessary to support such uses . 
cevoly Probably, ener reasons for the apparent lack of interest 
in these wastes by economic groups or research organisations are their 


ghly, perishable nature, together with the 











ents and are difficult to handles. 
State, and industrial agencies have in the past con 








ducted - fendi: Gireeted toward the development of waste disposal 





1. type in which the entire waste of a plant is 





"hogged" and disposed of through the sewer as a. means’ of cl: 
publics. palace, These methods are all quick and effective ways to 


s 





the 


ost ol handling, and that cost must be considered as a total loss; 


_ furthermore, unless the sewage is treated, the prebies of streaii— 


pollution remains. 
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In many cases it is not so simple a matter to dispose of waste7r=e 





mwiteale Tt te estinated thet the cost of disposing of the waste 
Lettuce and treaties in one ‘Lecat ‘western area is $20} 000 a year. 
This is an actual expenditure tor cha ‘purpone of diepotine Bt & nuis="" 
nee, ‘Te is conceivable that with proper ‘hahdling some use might be 
made of this Tiered and the ash reburn a oe bear a vart of the tost 
of processing. | wf fen yours ae, ‘the feooeat of the rag and peel from 
citrus canneries was an acute preblen, but’ today nearly all of 4% is 
dehydrated for cattle feed ait a profit tothe processing plant and to 
the gitrus cannery as ‘wall. The amount and gharaster of such waste 
naterials, the ‘erent need for disposal and utilization methods, and the 
possibilities of success in this field emphasize the need for Regional 
Laboratory 2 research along this tenes 

| satinent and ¢ tly Reseandt eoyd war 
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‘When the ‘aagni tude of the field is considered, there is comadtra- 
tively little research in progress which has as its. “ob jective ‘the non- 
food utilisation of the many ‘thousands of tons of these wastes. ‘The 
projects under wie ard peimartly concerned with treatsent of cannery 
effluents to prevent stioan polation, kok OC ERS BPeo SRS Hebe Ce 


nery waste to yield industrial products. 





tg "trickling filters. ' 


pa ghlorination. . 
. SettLings, followed by chlorination and the use of trickling 
fliters, ihe aly 
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Aaductzial bysoreducte: 
3 a te Burning waste and collecting ach for fertilizer USGe 


o Recovering of wax from frait skins (apse 2 and 1 pear) for use 
oe stencil sheets, waterproof costings, ete. 
' ee Drying or ensiLing refuse for utilization as 8 tock feed. 


8 Recovery and refining of fatty substances and oils. and their 


utilization in namafacture of edible 2 oils, cosuetics, and d soaps 
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“Inforaation rover: eine an Reg ional <nhorabons Survey 
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points to the fact that ai gene gach, % as these wastes are treaties. . 


in a proper uanmer, they may be capable of ylelding a product or oe | 
sone cases a series of products, which would not ; only repay ‘the cost 

of treatment and effectively depose | of the nuisance > problen, but may 
even oqual or surpass the value of the prinary processed narket Ollie 
nosy. ‘Competition is now evident in some cases ; between products of 
the ‘game origin; for cxanle, fresh apples now “comete with dried 
apples, canned apples, ronan, 9 iniee, nnd apple ‘Smateehians, parry 
is so keen “that even ‘when pring the ost esonealcas and the most ef- 
fective sethpas ‘it is aiftioult to male producing, harvesting, or PPro 
ron th By operations | profitable, ak ‘te producer « or processor mst 
utilize to tee ‘fullest extent every Product which is ‘handled oo dee 
to Pealize : a | Peasonable return. ee 

| | Yost ar the fresh fruits and vegetables weld in produce mexkaks 
are S eee ak the shipping point to meee at ono lneonet of State ane Fed= 
weir 1 grades. As a , result of t pacing under these standards mich of the 





fruit is culled, an! ae must bé carefully trimned and patked. 229: 
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to the processing plants, bub thousands of tons annually become @ face 
‘tor in the general carmery waste cisporal problet. To this aunt be 
seeuoi ind trimmings fron sauerkraut plants, best tops ani aeparacus 
butts, ond other eintlar wastess these. are sil palatable, autritious, 
green feods watch ahovld be salvaged to a much greater extent than is _ 
thought at the present times To these must be added the skins, seedu, 
@ll sorts ef apailage organions ai breeding grounds for oreard peste. 
Wach of thie material de nvr salvaged for feeding porsescs, more e6<° 
afte products for soeelal purposes, for eramoic, the we of pimiento 
‘pemery vaste in winter fecia for laying hens to prevent pale yolke 
when gtwenwange is notovatlables icy eo ieeted oui Se be 
ooo © Atiek-wmgted cankd be used to « mmech oreater extent aa sources | 
of protein and minerals in poultry and stock feeds. the larger plants 
have been forced to develop acane of disposal of their wastes, out - 
goaller ‘geal creareries, cheese factories, slauchterhouses,. and ege~ 
breaking planta, many of then cooperative organizations, should be 
masisted in finding profitable meane of <\isposal.for their wastes, pre 
ferably.in som form that can be returned directly to the farver as 
feed or fertilisers | 
saatsiaes fooimerop wastes nay sound Like eating garbage, but 
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Ga’ or ‘hb, 0% soak aaa? atte" are ee 
i ii it yeast. from brewerias, distilleries and 
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st: duct a“ dat An | ef fon ~ S5n0uLG be made to uge the 
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ee | Bie 
there are ow cere A over p! Tee ag ee of wiolg nelons and. over aes: 
3,000,000 pounds of waste eucusbers ah plants specializing in the. prom 
duction of comaertial « seed. a of we material is avaliable for use 
as 8 feeds ie nee ne we im ve 
: 2. Utilization of waste ‘ tenty sriaetibttide as a source of dion 
pyl on vitanin G. The pregeed Juice might become an enrichment, med 
ium Aor comercial Gute vation of och yenets, and molds, ane 
the =, cake becone an ingredient in — feeds. 
ae Deteraination of the nutritional value of wastes and Feeds 
prepared | fron oe arter that some cht ne may be. known regarding 
ee use for livestock feeding. me | | bs 
he study of the , preparation 0: of vitamin Sonteny ate? from mesa. 
fruits and vegetables. A profitable marke aight be Seveloped + the 
feeding ee such ipod to poultry | and sur-bearing aac 
| 5, St tudy or ne preparation of vitanin cone arenes frou waste 
naterials such as the excess yeast from bededitis: distilleries and 
wineries. aA profitable sarin tor such ee might be , Savonapes 
- —_ for poultry and sur-bearing aninale. 
wea . Iaprovenent of acthods for rec covering ilk solids from the 
aan creanories and cheese factories and tor incorporating the 
recovered product 3 in feeds. An effort should be rye" te use ‘the 
mstes fron the nusierous sal) and isolated creaneries Dacor a minimum 
expenditure for “new equipnent. “(See also the section on Milk Products, 
er el 590. We 
g a aus: | . me F inves 
It is ‘universally recognized that organic matter or hums a 
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of crop, hehe re corbility 4s steadily being lost and must even— Se 
cually be restored by planar sa: yp and Perey sol} Se Cet s ene 
bing field expevincnte eve definitely ‘here that the Maint chance of 
an adequate nd oe BS —— on the “ego lnhingchgght means — ace 
ing at fertility. py bi 

| Little is ‘being 4 done in | this country + toward bene EEE BRTLOR 
of the any wastes: of agriculture suitable for ‘the preparation of 
huis or artificial MANUTES » Many 3 Buropean “and other foreign or 
ries, however, have nade subst: ntial progress slong these. lines and 
_ recognized the value of ‘these materials for eonpontiing A sub 
stitute for the gradually vanishing supply viel horse bergen ig Eakaerte 
considered Indispensable, has, for ge mygret: been reported | as } suitable 
for use in mushroom culture. ‘The possibilities for the use of arti= | 
ficial manures. in: ay other agricultural enterprises, including 
home and professional gardening and greenhibuse Subture, Laws ene 
gol gee are alinont without him ar 


Agricultural ee Suitabhe for composting comprise a very 


wide , variety ¢ of "materials. speae sot pa at among nar processing 


hey stems, stalks, pods, vines, hulls, wage husks, leaty and | 


ww 


butt ‘trimaings, fruit rie og and others. For purposes of “enrichnent ; 
with respect * to nitrogen or ‘other constituents, i it ay ) be found highly 
advantageous ‘also to utilise ‘fish Scrap, slaughterhouse: ‘refus si ones, 
poultry Litter, ‘pressed cakes, ‘animal manures, ashes, anc. “poly rye 
nineral supplencnts, which may be added to the various s composts in : 


suitable proportions. ‘A120, in ‘this ‘comection, ; 4 means — be found 


for a mere e profitable Asposel of t garbag wa tankage, and sewage sludge 
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“Investigations suggested along these , Lines include the follow- 


sivas, Pundanental. research ¢ on the response of the various wastes 
and aixturesto a ni crobiological decomposition. 

Be A determination of bs A eageraelagee eke So vomperature, acra~ 
ton, ant ‘other conditions for obtaining the most desirable humidified 
product au respect to physical and L chen! gm properties. 

ie 9. ‘The incorporation of the 1 proper inorgenic sauebinuante +0 
aero suppleaent ‘the fertilizer value. 

sil osential Anvestigations of the nost practical and econo 
deal composting Pig eens which wil be applicable or readily adapta’ Le 
to the operation of the particular establishaents or ,Lneuetrdes prom. 


eek iste 


Ps sy ‘the wastes to be Daas as raw materials. 


(See also ‘the material on composting in the 2 section on Agriculture, 


Wastes, "pacel36) 





A As i census of the chemical. constituents of the, iaportant 
wastes isa first essential in the developacnt,, of 8. Program, of utiliza 


ton any wastes contate protaiza, pectin, tannin, cellulose, sugars, 


tet 
sa 


oils, organic acids, maxes, ensymes, vitamins, edorcys gnd.fLarerque,.. 
et Beapenta, . ae a wide eae, of other complex organic 
seis teagan, CF An Se ALS imowLedge of @iantities and properties is much 
needed, “hen pbat information - available, avtheds of isolation and 
purification of the constituents, Should be worked out, The special 


properties of soe of them may 
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they can be uosd profitably. For imatanee, olis extracted from kernels, 

pits, sesds, ani shelle aay fim uge in human food), in commetios, in 

goapuaking, or in paints an. varnishes. cnaynea fron pineapples or _ 

papayas, asparagin from asparagus, and new perfumes and pharvaceutic: 

from unsuspected sources are other examples of poasible products. 
lmerous suggestions for this type of study have been received, 








and these say be listed as follows: — 


, Le “ork.on mathods of silts eh aebeaeh praia warenie 
material, and,on methods of storage of such material for subsequent 
processing. ‘These are important items in such a research program eince 
the material deramis prompt handling in order to prevent spoilage, and 
the raw material is available only a few works a year, aed ele wa 

rage and drying coats and factiitics mist be taken into sonelderation. 
garat of methods vhereby recovery of proteins, pectin, 
ty Gils, and wxes and other constituents of, 
ecossing planis will be eqonomioaliy feas~ 













13. bevelopment of sethecs for the preparation of perfumes, — 
aicals. from waste fruit and 
egvhebtonp. ee | 

i4+ Stuly of Sanaa of gach products ag asparagin from 
Agus, and the separation of glusosides fromwasiese. =  ..... 
.« 2Se Tsrvertigations on the extraction of ensyses fron waste 
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material, such ag bromelis from pineapples anc papain from papayas. 
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7 of fibrous wastes ‘in bulletng materials, 
“fiberboard wd ard’ Soda and the we of finely groun’ wastes ap fil 
r Lene or 2 cd cartier for insecticides should be studied further. (see 
sa, Po 2 the 8 nome on n Agrleulturad vastes, in which this possibility is 
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25, Finding of uses for the wide variety of protein materialsac. 
from packing~house wastes, ereaueries, “ani cheese plants. This mater- 
ial “Gondtitutes'a mjér problen in itself, whichis discussed in aé- 
tail in’the sections on animil products. ‘Adhesives, binders, plastics, 
new ‘gynthetie’ fibers, and a wide range of other industrial’ products 
have been suggested as possible outlets for such wastes. 
26. Fundamental chemical investigations to find ways by which 
waste material may be diverted to its most profitable use by reason 


of its content of certain constituents. 





Perhaps the greatest single item in the waste problem is waste 
water=wash waters from fruitepacking houses, acid waters for fenoval 
of spray residues, lye waters from drying sheds and peeling tables, 
salt waters from pickling vats, blanch waters, Steffens waste from 
beet-sugar plants, and tremendous quantities of water from the daily 
or twice daily cleaning of canneries, freezine plants, dairy plants 
and cheese factories, slaughterhouses, .and meat= and poultry-packing 
plants. This water se heavily charged with added chemicals, with 
organic materials in solution or in suspension. It also contains 

spoilage organisms of all types, and soil and sand carried in on the 
| raw materials. 

The immense quantities of water to be handled make it impractical 
to attempt to recover added chemicals or soluble organic materials by 
present methods. Aa steady increase in the number of States requiring 
nuisance abatement before a specified date makes this problem increas- 


ingly acute. While no definite suggestions for methods of attack have 
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yearly produgtion was 671,544,000 bushels. in 1967 th 

wes, 505, midlion. bugbelBen oc cysheles amend foe woe bi, 
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Ki 29 million oushels; Pennsylvenis 










dy and date. 
: Which was fairly typical. _ 
an point of Gistrimution, — mt © ab, year the, total crop 4 
(895 million bushels, aid of tals | iy sei ih wtates produced _ 
the early States of the.Squth £8 millioa b 
vos. fhe gross incoue tg growers of potatoes 7 
@lightly, under 259 million dollars, and in 1956 to sone 276 million 
dollars. 
















> ouite an extent the yiebR oer acre is dependent woon weather 
Lead pietune,.p6, uthddmatiow, of -theerepe OE atoebitted etn. 
: i he, produakion, that. yean guacun ted, te. S98: 

_ Of thks, about o&, aiddien yushede were disposed. of 
6, until ty, wanhe,) and feed for livestock; the quantity, used, a6, dood 

on torn amounted to 64 million imebels;. sumed Jor seedy: midlion: - 
laj. 801d, £55 milion wshelsy:. The quants.ig. sold in: 195%. 

brought ferners. an actual cash income of 196, million dollers,y this. 
parti culer. year having, ben one. of) very: dew: pricnses The, avermee.» » 

| prive ef potetcos. received by. Taruers: oyer the Last, 10. yeers: ham. 
renged between. high.of:@1.3% per bnabel in. 1929: don: 10189. cents per 
bushel in LOS2y:: In & of. theiiasbh. 7 years, the avers co seandn price 

he growers. hasbeen below GO cents per bushel. Last year (1957), for 












instance, 14 averaged 55 centeper bushtla 
Potatocs. are essentially & domestic crop. . here is uo inter= 

have everaget.. around or under a midiion bushels each anc bave tondetc: 
te Cancel eath otherers - bo sovdles a 

al, The :eensumption of potatoes is relatively inelastic. , Thetis, 
under similar demand conditions, email crepe vevally result in larger 
returns to growers: than.de lexge crops. Since’ there is a sensiderable 
factor, it frequently happens that although tho etreage remains fairly 
stable, the crops and prices: of given seasons vary greatly. . én inm~ — - 
trease of -only;2vte ¢ percent’ abbve average: production often seriously 
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a. 
me To quite an extent the yield per acre is dependent upon weather 
conditions during the crowing season, end the averaze has ranged during 
the past 10 years from 100 to 125 bushels per acre for the United 
Stetes.es whole. hen high yields occur the surplus of Ho 1. pota- 
toes. is frequently suftiotently, high to greatly depress the market 
price. About 10 percent of the crop is culls, end the loss fram dis- 
eased and frozen potetoes end shrinkage in storage may also amount to 
as much as 10 percent of the total crop. Because of these conditions, 
which necessarily prevail in the, petete-growing industry, there is 
definite denand for a profiteble means of utilizing, for other then 
direct food use, the annual supply of cull and second-grade potatoes 
and also of excess firstegrade potatoes during years in which lerge 
EURRAM ERA OREN Ts ing & great. wd : 
PRESENT RESEARCH, 
Potato research work is directed largely to studies on various 
production factors and the influence of these factors on the quality 
of the crop for food uses. The research of Federal and State agencies 
has been confined largely to studies on the effect of cultural, vari- 
etal, and environmental influences on crop yield and quality, looking 
to inereased production and the general improvement of the potato for 
consumption as food, Such studies are obviously of great. importance 
PRED RMS Brgsuees MPs, paguaer: ,foneldereble regearch on. improved 
methods of storage and handling, the causes of deterioration, consumer 
preferences, and marketing of potatoes is being done. Much Lees atten- 
ton gs been given to investigations on using potatoes as « source of 


starch for industrial and other purposes. The present potato research 
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ae 
in the United Stetes may be conveniently classified es follows: 

-otle» Development: of disease end insect resistent varieties, 
varieties resistant, to drought and heat, varieties having desirable . 
gualities.for,.food purposes, and varieties.adepted to.the growing . 
season.in.various.sections.of the United States, . 
usins 8. -Determination.of the effect .of various types.of long .. 
and. short. rotations, and the use of winter cover crops with contin- 
uous productions: ..-i.-» 

_ S. Investigations in field-plot technique, depth of plant-_ 
ing, variety.triels, spacing, twin rows, date of planting, size of 
seed piece, cultivation, irrigation, and roct. development. 

_ &- Important studies on rates of application; placement; . 
kinds of fertilizers, including a great deal of minor elements work; 
and on rapid tests for deficiencies in fertilizers. 

»5. Studies of effects of climatic and soil factors, fertili- 
vers, fumigents, insecticides, and their.internal end external in- 
fluences on growth, of vines and set of seeds and on number, size, cul- 
inary quality, chemical composition, and.starch content of tubers. . 
totes | Ge): Studies.on the nature of fungus, bacterial and virus dis- 
eases, and on the various insect pests, *~ their control or eradication. 

rts. Sone studies on improved methods for reducing losses of po- 
age.diseases, and on the. causes of deterioration during storages 

»» -Ss .Eeonomic. investigations on the marketing quality of | 


potatoes, the factors which influence custoser preferences, buying 
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practices, price, end demand, as well as studies on the cost of potato 
‘production in ‘various localities, = = = 

\ So, ‘Studies on the variation in the cooking and eating quality 
‘of potatoes; and on the effect of various cultural, verietal, and en- 
vironmental factors on potato yields and quality. These studies are 
being correlated with the composition and physical structure of the 
potato with the object of improving its quality for food use. — 

106, Investigations on the vitamins present in potatoes and 
on the comparison of the vitamin C content of immature, mature, and 
stored tubers. . 

«11. Some research on potato-starch production with the object 
of improving its quality. The uses of potato starch for textile siz- 
ine and paper sizing end for alcohol manufacture are also being in- 
vestigated. — 

12. Investircations have been conducted on the use of cull po- 
tatoes in ensilaze and other feeds. In connection with this work 
some dehydration studies were conducted. 

he above résune of research projects obviously includes many — 
detailed lines of work of which further mention cannot be made here. 

SUGGESTED RESEARCH 
FOOD UTILIZATION: 

Numerous suggestions for further studies on problems relating 
to extended food utilization of potatoes have been made, some of . 
which ere now receiving a good deal of attention, particularly by 


State agencies. These suzcested studies may be outlined as follows: 


Beh 
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i. stage gee geen investigations on the effect of aA etoxent 
sip and varioties on the chemical conposittion, L pebsonag structure, 
and starch ‘content of r potatoes end “studios on the chemical factors af- 
feoting the qualities of the potatos 


fh Peat 


Be uerect of environnentel factors 0 en seed — yield, etarch 
‘wavnanae ithe ef & 
gre heros disease resistance, 
Be Control of beg age poste, 1 ‘fungus aniline and virus diseases 
wih interfere with the developnent of the potato-growing industry. 
! re nzymie onanges in stored potatoes “es investigation of | 
the causes of f blackening » vihi.oh occurs: when late-stored potatoes are 


a 


cooked. : 


oe 


iy a cr the effect of eterege in the pessoure of 
inert eee at various temperatures on the chemical composition and 
vitemin content of I aot wp : Wa | 
Rte “ Coaparieon of the +itenin € content of imaature, ite: 
ond stored t tubers. Sy Oe 

T. me use so of potatoes as « a succulent a feed for ger aeberks 
apo feeding tests which hae been conducted indinate that sorta vari- 
oties | of potatoes may find & definite place as & feed tor aaceetee® in 


seotions of the country 4 in which other pine opm feeds are high in 


etieees 


Snake ce UTILIZATION STUDIES: 


oe! “Research | on . the development of eapulhihoteha dehydration Satenes 


as 5 wel as on other neans of lowering transportation and ees cost 
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ae ‘aude shale as an nunbtint i an intnntriel whi tention program. 
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lies vealed 
| 9. Tt The arying. of potatoes entirely by the use of heat is ex- 
pensive, and 3 - addition may cause undesireble Tieces in the seth, 
Recent studios have indioated + the spplicetion of a preisainary sorgeudl 
ical treatment : in the solution of this problen. “Such treataent greatly 
inoreases | ‘the | permeability « of ‘the cell wells of the potato, making i% 
poseible to renove most of the water by mechaniosl MeOanss ‘There would 
be numerous savantaces “in th the ‘commercial use of dehydration methods of 
this sort, ineluding the econonical recovery of the expressed juices 
and the preparetion of various products frem tne dried material. It 
‘ae isin strongly recomended that curther extensive studies be made 
to ieskiey new ad improved drying methods. | 
10, Investigation of thot for the economical utilization of 
fousen potatoes. ae | s 
te Improved and economical nethods for the production of an 
cohol from potatoes. | | 3 | 
3 a2, The produetion of plastic materials from starches. 
ey 15. Development of efficient potato aterch and ochaks iow 
products recovery ‘plants adapted to conditions prevailing in the 
United States. %e assist il the Save.dpnant of such factories the 
following investigations have been suggesteds | 
Ns (a) Determine chemically the starch-extracting efficiency 
of "typical small plants, end ascertain the pereentage of starch lost 
and “he points in the process where Losses occur; “determine the 


ee 


causes for the ® present great s variation in qual by and deesien: 





improvements in equipment and operation which could be installed at. 
noderete 00st | oand which at the sane time would greatly improve effic~ 
ieney-of operation of the small factoriese gece) uhah jovoeticem 
tions iewt{e2 Determination of, the mierouia Logical flors present in 
white potate starch factories and. the establishment, of betier miaro~ 
biologieal control to inerease the efficiency of these plants. __ 
varlable. Studies dogking to the ssiablish 
1 dmprovement in quality have been urged. when this 














at. of grades.coupled... 





is accomplished it will be possible to obtain the same orice for 
domestic white potato starch as for imported white potato starch. 

15. The residual pulp which remains after extraction of 
starch contains a certein proportion of starch which it is not prof~ 
itable to recover by ordinary methods. In addition, it contains hem 
ieelluloses and other constituents which could be recovered and uti- 
liged as tyeprodue te. It has been suggested that investigations be 
conducted looking te the development of economical methods for the re=- 
covery of such waste materials as well as methods for their profitable 
USE. 

16. The use of micro-organisms for the production of desirable 
transformations in potato starch. Further studies should lead to val- 
uable commercial developments in this field. 

17. Among the modified starches and starch derivatives are 
special modified and oxidized starches and dextrins. It has been 
urged that methods should be developed for producing these deriva- 
tives in a continuous process with starch production, and hence at 


lower cost. 
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We Fotate sere in the ‘commerci.s] purified form is & rela~ 
hey. lompriced pure carbohydrate raw materiel, fron whieh “ variety 
of chenical products ‘ean be nade. it has been urged that investige- 
tions leading to the manufacture of these compounds be conducted with 
the ake af making. available new naterials for the chemical industry. 


£) ay: 


Loy ee Investigations Leading to the determination of the strue- 
tore of the potato starch atlas have been steenaly wedveliedede 
Studies of this ‘ype are eanaeh et ‘a so) _ Penne | ptatien 
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An average i about bout 250,000 acres 5 of sweet potatoe So has been 


Ree ah 8 oe mye ay hag iS Bie ate we, [ol ee whe ye o a 
"grown ey the last 10 years. ef £50,000 acres were ae the’ A 
“south Contre States, about "275,000 in’ the ees Lower itlantite States, 


rT ie. eh 


abet 6,000 i Cis Your: ‘Central | Atlante States, and | tie © 


tate orop for food uhilination 
in the Central West and Ca 


Lat Agere wpe LO MH, es ve SSE, it = cee ATL vs 


The ccmmareiat rep of sweet 








s a 
and the effects of such fautora as fertilizers, soll, ay en: #5 1 “pa . 
four States. For many years (che was ore ‘of agile: - 
Pim eae Fas mes EONS Fe ors ee a LEYS be eck & ex% peli ai #4 Bed ct oh eth alan, 
ning eoranliy fon 4008 to 7,008 eavionds.' ouisiane has ‘pieadily 
Sik ra OM Cs OF. 4 Sori ns 4 Pas Fie ke CEITELY. Fs 8 Hee Be p00 ¢ % cree 2 
ipevanend tte Cambetal ou tpat | trom about 1000 cake oad 10 Fear 
Cuyste A Storage ays tee HOw By Sibie ; a 
aco to more than 3.000 gee ied ras 
re a Re ye ¥ pps tae ee a By a. a 
wal nies venice of sweetpotato, =H hs yortukg inereasing in 











spery See 


wae Yeear a Fe REL 7. % Hp Yaa 
copier Tennessee, 3 > ornerly one of the large _—— > has been 
The food markat for «m ig a@. GO AED fe: 
cradvally dec ne in ‘relative P nigleuny “Sew * Ys"ond’ of the 
tant Bas | rear Ne aie en ~ Le Fae My ras he eq ais ai of F4 ee Si ay ogee 
“Largest st shinnts ? Bitsa” welictoe : aeataat’ Ss of 3,000 ‘or 2,500 


RX 5 0 













« Z 2 E r 
Secs Yer eee i 
egy vice Sor tee Teed wmaurkes 


a he es ara? Vas - te: 
-_" eos Arig he in © . 
rail . 


- ea Loads | a yea 
Are strist Pago BOG oe So) bowen Virueties tend to grow ever: 
pipes, werage season ce received by erowe 
oe Le Pinder 
sweetpot 










€ aye : y 





a ai Staiee +i RET CF 
toes over the | ie year 3 “3 rar ranged. fron ‘ 18 a pishel 


ne oa +. > 2% ‘ 
GiR@ Gwe pn Ee “i OS Li. aie Sonte, % Tikes id Rae TL wo mat av pertent. x 





440% 
in 1928 te 90,54 a bushel in 1952, Since 1952, the average season 
price has been in the neighborhood of 90,80 to $0.90.2 bushel, Last 
season, (1937488) the price averaged.about $0.57 a bushel. 

The utilisation of a typical sweetpotato,crop may be, indicated 
by the figures available for 1935. In that year a total crop.of G3 
million bushels was produced, Of this quantity, 8 million bushels 
were saved for seed, 46 million bushels were used at hone for food, 
and an estimated iimillion bushels were fed to stock or wasted. 
From that year's crop some 25-1/s million bushels were actually sold 

m _ Much research. has been directed vomacd Seocmasioag: the nate 
tate crop for food utilisation, Many different varieties have been 
introduced to meet consumer demand in various sections of the comtry, 
and the effects of such factors as fertilizers, soil, and environuent _ 
on the yield and quality of the crop have been determined. Studies 
on methods of storing awactpotatees have yesulted in the efficient 
curing and storage systems that now make it possible to have sweetpo- 
tatoos, of good quality. available in all food markets in the country 
in nearly every month of. the years.» shat of th . bay 

i PS. food market for. ae a somewhat inelastic,so 
that in years. of high yields there are great. surpluses of the narket~ 
eS tite SEDs , Weaeing reqixgnenta for. the, food markes, 
are strict, and since the southern varieties tend to grow oversize. 
there is ammally a darge, quantity of culls consisting mainly of over=. 
aie Sweetpotatoes. In the South, these anount, te about, 20 percent, of, . 
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the oy some of “ie rier ae baer hs ——. Baca for hep most par’ 
“ey & are © wastes ‘These ‘conditions have sad = an insistent demand 
for | some fora of ‘iedustelal utilization, 

: psp varieties of ne contain more than 20 percent 
of ies Sond R sageied deat geen are Andispensable for certain purposes, and. 
except for snail quantities of white potato starch and sweetpotato 
: onaeeb ‘are: not ‘produced, i , —_ States. Annual anpor ts of | 
starch, onterly root t starches, range lager $00,000,000 te 450,009, 000 
7 “piperinental. we work » oe begun 3 as early as 1095 with ie objet 
| of establishing a swectpotate starch industry in the United States. 
Recently experinental work on this project has resulted in the petal 
lishment ofa a smal) comercial sectpotato starch plant operated by 
23 local cooperative in the state of Mississippi. In 1356 approximate~ 
y 165, 000 bushels of imabtpetatiind were processed for the production 
“of pose 2,640,000 pounds of starch, which was used largely in the 
textite. industry. ‘The swectpotate : starch industry } however, has hard~ 
ay passed the experinental stage. | 
3 7 to the tine of the estabLishaent of this cooperative starch 
ractory growers bad been interested shiek iy os Se ted ning as high a 
orca) as possible of marketable sweetpotatoes, bayan Lay ——., of 
‘nediun size and uniform shape. Since that tine growers in the vieini- 
pes of the starch factory have been chiefly concerned with obtaining 
high yields of starch per 2 acre. : “this has created a ‘demand for research 
“tefrarteries high starch content. and has Led ‘ee any other Lines of 
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on opacing, time of casings F methods of : anette and. causes of 
gy oon differences an yield of adjacent, or nearby halls. ; 
a: eer ere on. spree’, anc di peane control. Iaportant, ’ 


research is in Progress on. the control of weevils and other insects 


that attack sweetpotatoes. Investigations, are 8150, being conducted 
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on methods fpr. the control ane br ag tee of black rot and decay 
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caused by fungus diseases. 
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ie Storage studies. “Studies, are in | progress to determine the 
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effect of all Sendct sone, in Storage houses, such as Semperature and 


imma di t on the chankoak ponpeettdion and general suitability for 
foes ot aunt, Vereetien, of. sweetpotatoes. 

ha, Delyydration Studies, . This research is intended. to develop 
methods for dehydrating sweetpotatogs for food utilization. By regu 
lating | the _ eet, humidity, and Joiuee. of air used in drying 
sliced sveetpotatioes,, a, product can be ghtained. witch will, keen. for . 
a Jong. 12. and which when, treated with water closely resembles the 
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ay-irying equipmente ee ae 
«Gy Studies of the chemical comosition and vitamin content. — 

Studies are-under.nay to,determine, the vitenin and carotin content 

of sweetpotatoes and the effect of various methods of storing and 

preserving on the vitanin content. investigations are also in pro- 

ae the chemical composition of difierent varieties 

es in composition that take place in st 

avation.of food products. Since all varieties of 

















sweeipotatces contain some sugar and tae starch present can be readi~ 
ly hydrolysed to maltese and glucose, many different types of sirups 
can be red frou sweetpotatoes. iiethods for removing colored _ 
conpounds.and.products with an undesirable taste from sirups are be~. 
«, Sirups prepared from the purified starch are, of 
in this respect. Research is also being . 








; (On such products as sweetpotato flour, sweetpotato chips, and vine~ 
gary Which have been prepared from sweetpotatoes on a laboratory _ 





tne type, quantity, and method of apy 
type of soil and variety of potatoes ou the yield of starch, both in - 
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‘expected that strains of higher starch content and greater disease re- 


sistance than those now available will be developed. Investigations... 
are also being conducted on the cause of “barren bills" in sweetpotato 
fields, which in some cases greatly lower the yield per acre. ... 
” 8. Development of machinery for the production and harvesting 
ef sweetpotatoes. It is expected that the industrial utilization of 
“weswéeetpotatees will result in large-scale operations and that me- 
‘chanical means of planting, cultivating, and harvesting can be used 
to lower the cost of production of tne crops: Experimental work .is now 
under way on the development of improved machines for setting potato 
‘slips and vines and on harvesting equipnent of the two following types: 
(1) Loicost machines suitable for small-scale operations,which will 
deliver potatoes to the top of the ground, and (2) more expensive con 
‘bination diggers and doaders, suitable for large-scale operations. — . 
9s Dehydration studies of sweetpotatoes for storage. Sweetpo~— 
~tatoes aré susceptible to the action.of molds and other forms of rot-- 
ting and do not: keep well, particularly when they have been bruised by 
handling. Moreover, considerable conversion of starch by amylases - 
present in the sweetpotate occurs, with the result that storage pro- 
cedures in-use at present are not feasible for storing sweetpotatoes 
oto be used comeneialig: Because of these conditions, investigations 
are being conducted to develop methods for wreelitee: down the cell 


walls of ground or sliced potatoes by treatment with various chemicals 





so that @ large proportion of the water can be pressed out by mechani- 
‘cal: means, thereby greatly lowering the cost of dehydration and making 


the seluble substances in the potatoes available in a concentrated form. 
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g. "ae done on the storage of sweetpctatoes — 
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under > water, A» the presence of, reagen’ 
sition of the starch. Suche, a storage. process would eliminate Aewater- 








dng costs and might possess advantages for use in some locali 





10. Development, of, comercial, uses for sweetpotato wteeehy 
Studies.on the chemical and physical properties of sweetpotato starch 
have been made, end its properties are being determined by moan of | 
comercial tests in various industrial plants. the stereh nas been 
used in cotton wills for warp sigin EB, 20 = » 28 bakeries and 
confectionery wamifactures, for test. xung, in beater, sizing fer paper, 
endfor various types of adhesives, It has given cxcelient regulis. 
- oye he UtAlization, of swectpotate vines. _ The renoval, of sweetpo- 
tate. vinea, fron the fields wovld, facilitate harvesting, operations and 

‘lable fron O68 to 2 tons of hay per acre. Dried vines com 
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“ Breeding studies. " Present eo sag to produce higher yield 
fad ’ ‘diseasenresistant, batter: quality varieties that « are » better | 





adapted to specific regions ‘and purposes ‘shee, be cs 2 
* Re ‘studies on plant variation. “the causes of pony differences 
in n yield of adjacent or nearby hitis shia ye determined. | 
a "Se Control of swectjotato disaaasa and insect pesiae Research 
of this ‘type is in progress and mat necessary be continued to in 
sure “vine ‘eontimal success “of the. craps g 
si yr storage ‘studies. e Further Amprovenent an the quality of 
Guest's potatoes ‘is desirable. “Inpanded studies on ‘the effect of all 
storage pouse Wicisbies, ; ‘such 3s time, ’ ‘venperature 2 and nuniddty, on 
the auttehality for ‘food of all ‘varieties ‘of emacs have been ‘ 
recomuendeds 
+ Deiyydration studies. Debytrated sweetyctatoes and swoct~ 
potato ‘flour will ‘keep for Long periods of flora Foxther Sneravenents 
in ‘each nothois of preserving sweetpotatoes £ or food utilisation and 
further ‘research on ‘equipaent and on inprovenents in the quality | of 
products ‘obtained tor dehydration are | desirable. : 
6 Developent of other food products em swoctpotatoes. | 
sheouraging ‘aboratory results have bean obtained in preparing mar~ 
ketable food products, a 4 as a censlpothee chips, 5 “ gweetpetate flour, 
vinegar, e“% sweetpotato sirup. Further eh ieee on the hada 
ration and aanufacture of such products aay “be expected to lead to. 
| market ‘outlets for svectpotatocs 5 and ate assist in + stabilicing ‘their 
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AAT 
usta) Beste 
oT 7. grononie-cheatea investigations for the developaent of 


nies starch veontente A umber ‘at the "present ‘well-adapted varieties 
are relatively high in starch but are e susceptible to. serious discases 


or have other ‘undesirable features. “The recently discovered ‘ethote 


par sued propagation, now ‘available will L creat facilitate the @ develap- 


2 


nent of ¢ superior varieties. 
oe a. Studies: ‘on 2 planting and harvesting root crops. at present 
snall-scale £ farming nethods are » ane in planting and harvesting sweet~ 
potatoes. ‘Por industrial utilization it is belioved ‘that this crop 
should be handled to a largo extent by bebtes nechanteal nothods. : 
Sone preliminary investigations on n plohting ‘end Eavvoettas Pl nc 


» and it has been urged that these investigations 





have ‘been « ence urag: 
be ‘contimed. se 

si 8 Storage ‘for industrial ‘utilization. Tt ie urged that ‘work 
be ph atin Fy on ‘low-cost dehydration methods and | on ‘ether methods ‘of 
storing swoctzotatoes for intustrial wes 2 ae 

a “do. Preparation of “swectpotater flour for Andustrial use. “The 
low-cost» process or dehydration suggested in hex 9 would male it pos 
sible to Produce a ‘cheap swoctpotate Yiew & stanly oii 
carcentag the. duapdratod potatoos. further research on sweetpotato 
flour for the purpose of developing expanded market outlets has been 
recomended. 

UL. Development of low-cost root~starch manufacturing plants. 

Suggestions have been made that pilot-plant studies be conducted to 
develop suitable processes and to work out mechanical details of 
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operation as well as to daternine. the most patiatactary types of 
sechenioe) oan ynes to ve used for the provesses developed. 
3t Microbiological investigetions. Microbiological control 


_ of the starch-nanufacturing process is important, particularly in 
vam) weathers ,Pevesti. gations having a twofold object. have been 

_ Suggested, Le @s, (1) to study the microbiological flora present in 
sweetpotato~starch manufacturing ylante and to establish the neces~ 
sary microbiological controls, and (2) to develop the use of micro- 

| oxganiens + $e produce desirable transformations in sweetpotato starch. 


. Marketing investigations. Investigations leading to the 


establishaent of new markets for _Sreetpotato products offer a wide 
field for esearch, 


Me ‘Studies on “the tonan and chemical properties of sweet- 


site starch. Raeeereh on he, povei eal and sheatonl properties of 


sweetpotato starch, on the production of sweetpotato starch deriva~ 





jsical _ and chemical characteristics is very in- 
portant in developing a sweetpotato starch industry and in "stepping 
up* the value of products, through production of derivatives suitable 
for. a greater variety of ‘purposes than starch alone. It is suggested 
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Phe Collowiig Lines of Yesearch have beer suggested to bring 
about expanded “vroduotion and indhistPial Utiliaation of miscellaneous 








| suitable varieties of reot starch-producine crops ati the most satis- 
— evltural and environmental coniitionts for thelr production. 
a ‘Stadies ne arrarrsot 
shen wy . Agation of methods for the extraction of starch from 
«A process practicable for commercial use will have to be de~ 
@ of the emalinces of the pranules and the presence of 
& Bubstahee or substances of mucilaginous consistency, the usual pro- 
eesses employed in the manufacture of root starches cannot be used. 
de Trwestipation of the eoepoesition and possibilities for the 
eomierdial utilisation of by-products available in connection with the 
a of starch fron dasheen, | tion of tevin wiics ney Deed 
i By el of the physics] and chemical properties of dasheen 
ne ite -alue for industrial witlisation. == = 
et to destin, ‘erect, and operate a pilot plant for 
ymnent of the process devised for the manufacture 


























The tubers of Jerusalen hermaiahes chicory, and dahlias contain 


a fairly high pereentage of imilin, a substance eomposed of a croup of — 
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| tov ‘the produc ection of the en 
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| carbohydrates soumfat sintlar to starch, which on hydrolysis yieldo 
| Sugar Leviloge instead of dextrose. ‘These crops, especially Jerusalen 


artichokes, have been investigated as source of levulose. Problens 
involved in the purifieation sation of Levulose atrups and erystalliaation of 
the eucar from these simups have been solved and plloteplant Lotep amt methods 
Further development of comercial methods for the production of 
crystalline levulose te necded, as well as methods for the dirpet 
production of levulose sirup. This sirup could be produced nore _ 

| demand for levilose which restlts from ite hygroscopic 
Chat at aw * compared with ather suears now on 
the market. , 








| | StOOrSTED RESPAROH i 
“The following ‘Ollowing Lines of research on imilin-oredoringe crops have 





tion of the properties of Aout witch may Nene 


“4 te inftustriol wtilieation. 


Gi ‘Teventightion 6f methods of extraction and purification of 
inulin from Jerusalem artichokes ani other inulin-produeing craps. 

Ss ‘the development of suitable methods for the direct produs 
tion of levilose sirupe for industrial utilisation from artichokes 
and other inulin-producing crops. 

4y Investigations on the production of power alcohol from 

~producing crops (see section on Motor Fuele under Corn, Part IT). 
5. Investigations on use of inulin as a raw material for the 








are corn sugar and corn sirup, both or which are very importants 











states 3 is the sugar beets : Bh  aaaition, ee: axtomnts es sugar ‘and 





- of sirup : are produbed ros sugereans and a considerable anowit of 


sirup from sweet sorgaum or sorgo cane. ‘Other saccharine products 


a 





honey, which is. somewhat less S03 and naple sugar and maple, sizw, a : 


ket “She gee 


valued nainly on account of their flavor, the suger srodueed being of 





only | incidental valhe, The acreage devoted to suger and sirup reps” 





is shown on the accompanying BaBe Te total, of, imparts and domestic | a 
deliveries aor a. of raw beet and cane sugar in ‘isse was ie a _ ae 


leds oa tons n raw value. This total consumption was inereased, to, 





over 7,500, 000 tons by other sugars and by straps. 0. this anount go coy 
‘about & 000,000 tons are accounted for ih continental, beet and cane. 


suger production, “Gane and sorgo strep, production amount, iin round. 


minbers, ’ to 200,000 tons. ‘Eotinetes for other sugers: (corn, with | a : 
very little maple) are 200,000 tons, @ and for other > sips (com, oe 
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‘opbewkrs peroelit SP'the shear orizinating in continental 
“United states ie produced from the sugar beat. oo Bs) production 
for the Last 10 youre ‘hae ‘averaged well over a Pitas tae, tare 12 
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Bp Florida ‘and ‘touting, both pag and sugar are aabeiiad 
fron | gugareane, | ut am pier <Sheptesgnd tongs — sirwp is Ore 
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States and ‘Territories. gh 


oh - , Aneel production ry can guar, pm and ‘_laken ‘by 
| Bhp and Territories, an we 4 and try ty 





| gases OE 1 1,000 11,000 + 1.000 
‘gallons 


ee 8S Soo arr 

+ | 
_Flerida.. AD hil B..... G24 3,673 
louisiana ; 2m 3 re MS te 16,2268 sete saan 
Pullippine Islands: 922 : » #05044 8 er + tion 
Puerte Rico ~~ ¢ 78 + 6M #5,90 t: «8 & ££. * 





¥ Strup figures converted to ard, inéluded with pee for = 


"mabe - Annual production and estinaed ‘value of cane etrep iy i 
ae States, average 1926032, 1996, and 1997" | 






§ 
i tt uth : , , 
eo £ 17,8008 22,6768 25,3358 oyeues 10,9891 
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tabled Sarai G, 
™ ‘Baees - * Taperte of raw eane Shear, average 1929-32, 1935-36, and 
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‘The ive lease ppoi od gates cobs ese by States is shown 

in table Ais | 

Table 17. ~ Production and estimated value of sorgo sirup, average 
1928~32, 1956, and 1957 











2 3 
: -., Production : Estimated value 
3 ey 
: Average 3 3 at 3 2 
~ ¢ 1928-32 : 1936 : 1937 ¢ 4956 -¢ 1937 
: 1,000 3s 1,000: 1,000 : 1,000 s 1,000 
: / t gallons : gallons: gallons : dollars: dollars 
Alabama ¢ 2,516 : 2,756: 1,960: 1,250 : 302 
» Arkansas : OG0- in, DGG. 1GR76. a4 E404 702 
Georgia : 898 3 975 3 924 3 488 3 508 
Tllinois 3 130-:% 62 3 148 3 66 3 118 
Indiana t 143 3 135 : 195 ¢ 108 3 L56 
Iowa “= 250 8°" RSS -B3SO -s- 204 ¢ 246. 
Kansas : 1354 3 GO 3 100 3 45 3 - 
Kentucky : 725° 8° > SBbes 7680 4103 507 
Mississippi ¢ 1,606 ~¢ 1,520: 1,552 + 654 3 600 
Missouri . 2 646 ¢ S41 3 S52 8 290 414 
North Carolina ; 1,876 +: 1,260: 1,120 : 882 3 729 
Oklahoma 1 208 «8 50 3 $4 6s 33 ..8 20 
South Carolina ¢ 404 3; S56 3 £16, $ 185 ¢ 152 
‘Tennéssee” <- .¢ ‘2%, 206 @) °°: O74-¢. o° GLB5«8 568 3 547 
Texas . ae 4 ees RTE OR 658 
Virginia Bibl. ¥ 174 + £0 % 130 : 147 
: : : : : 
Total 22,467 (2 215895 2 11,935 .-2 6y755 «a G75 
t 3 $ t : 


The data presented above wa that only about rh hited nt 
domestic consumption requizenente for sugar are wet by the sugar crops 
of the continental United States. sot adder sugar legislation divides, 
on the basis of fixed percentages, the United States sugar market 
_ among the various areas - continental, insular, and foreign - supply- 
ing this market. Any utilization of the sugar erund Se Foplece sur 
plus crops would prare changes in the y eeteg core 

The advantag es of development through a research program of 


methods that will Satine about ereater and more efficient utilization 
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&. Investigation of substances other than suerose in the . 
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De Investi gation of the production of various grades of beet 
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phasis and to indieate the widespread interest la research of this 
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*Heeause the sugar ‘attuation hag froa tine to time, put pro 
ducera in the United States in'a diftioult position, ‘attempls have 
ity Si eee as stdae rate. *s sacs aP asks 
restricting the anount of sugar entering thé sartet fron each arese 
ae The revival of the  taakina eugar industry 19 @ classical : 
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Louisiana is the main source of oye sugar in the continental United. 
States. oe crop is roms on ee alluvial Lepr of Mier Pasar po ppl Del~ 


ta 2 where a arge population is wholly dependent upon sugarcane for a 
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Livelihood. Wo other cash crop for which an outlet is onan sight is. so 
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well adapted to the » region In 126, production of £ suger in | Louisiana 
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had dropped. from é a maximum of 400,000 tons te 47,000 tonss che carners 
dependent upon cane faced a desperate situation, and oe groping for a 
remedy planted ¢ cane > lands with other oxcps : principally bb hae rice, 


and potatoes. ‘since 1926, discase-resistant varieties released for Con - 
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woreial culture by. the Governnent have brought about acre-yielis of sugar 
waich 1 now ‘reach ¢ or “exceed. forner high levels, and the move of production 
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sistent ettorts for cane varietal smprovenent in the tropical and ten 
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1958 crop is estinated at “$14,000 t cone of auger. Prices are low, how 
ever, and nore profitable utilisation of byrpraduets and surpluses +s 
indicated ‘an on pore tog of ‘compensating for 3 prevailing low prices in ‘this 
highly competitive industry. eT ee 
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- sainimized penne ‘given | promise of permanency. Performance of the crop 
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te perait evaluation, b er as | in Louisiana, attention to varieties 
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adapted to the region 1 mney fiends in greater crop stability. 
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ond Florida, and it 15 Important as 2 cash and subsistence erp Mo 
—— 200,000 wid 900,000 fame. Tn 1934 about 25.6 million <allone 
of sugareane sirup with 4 fare value of aprroriastely 11.6 millien | 
doliare was produced, I these arcas land occupied in the growing of 
gave ig lerpely suitable for producing other erops of wiieh surplus- 
es now exist. In years following poor sirup markets there is a 
noticeable drift to these other rope, Standardisation of the sirup, 
orderly marketing, and new uses for waste aaah nae are prob. 
lens that need attentd on. 

In addition to euerese, there are by-vroducts from the cone _ 
sucar industry, principally molasees, filteroress cake, end bagaase. 
The prefitable dispose] of these byeproducts is of c nsidersble tm 
portance to the eugar industry, and while efforts have been directed 
toward this end, thore is a erent deal more that ean be done, (me 
of the by-products, molasses, constitutes an important raw naterial 
that is used extensively in animal feeds and in the fermentation in- 
cuatries, Bagasse ts éiscussed in the Satna wt Aertacttnined Waste 
Ps Tio}y Guwewt gebion ef detertoretios 














-  Pegant weseareh dealing with suger (sucrose) manufacture and 
technological probless tnvclved in the manufacturing processes, Im 
vestigat‘ onal work dealizi: with utilisation of tyepredvets from the 
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and economy of using, comercial activated carbons, Inciucing carbons 

produced from. factory, wasteny 4m refining cane edgar st the fectary; 
8. Investigations of substances in sugarcane juice that inter- 
S- Iuprovenent of seticds and apparatus for the examination — 
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tion of products and the preduction of sugars of more uniferm quality. 
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16, Preparetion of eugar~phenol resina and their use in pro- 
tective coatings. | 
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oUt. Sere complete exhaustion of olasses for additional ree 
18. & vational and improved procedure of ras saaulacture frou 
 20e “Affect of molasses in conjunction with various proportions 
ef corm and soybean oil upon the quality of beef.» 
 2le Preduction of organic solvents from =olasses by feruente- 
tion processes. — 
-» Improvenent in bacterial vreocesses for obtaining orgenic . 
solvents from blackstrap molasses. 
oa) 236 Hew and extended uses for blatkstrap and other low-grade 
onhdesens. oie horlo with pesrae’ 4 
_ be Improvenent ef molasses for bakin; and other industrial — 
° 26— Dehytration of molasses to powiered: forte 
itiiizabion of wastes: — 
2%. Disposel.of spent bone black. 
~ 28. The industrial utizisation of sugarfactory f.lter-press. 
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A mmber of dupertent phases of research dealing with the in- 
develoved on @ rather extensive seale., The quantities of suger and 
individuals asscetated with this inéustry are of the opinion that 
for auger and sugar products, such as the uve of sugar in conerete 
for the uamufeeture of organic chewicals of alikinds, Sines sugar 
ty~procuots, auch as molasoes, ere usually cheaper sources of sugar 
‘than the refined suger itesl!, these saterials are usually conaidered 
first ine wtiliastion program of this kinds..shile it is true, thet.e 
®ertair: anount of investigational work along these lines is being 
conducted, partieulaly with respect to utilisation of uclasses far 
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already being conducted on acme of the suggested types of work list- 
ed below, end auth items are included merely for the purpose of ex 
fer their continustion and expansion. | 








‘De AseOmprabensive study of the possibilities of using sugar 
as 2 van.oaterlal in processes such as fermentation, cherical dezrada- 
tion, ond pyrolysis to produce new chemical substenees thet might 
serve a¢. important.cutiets for surplus sucrose. 

2, Further investigation on the recovery of sucrose by seans 
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a: Production of ¢ plastics from ans. a yproduat ts 
For a discupsion of sugarcane. bagasse, see. the section on. 
Agricultural tastes, p.110, 
- Sorgo.in its numerous varietal forns is adapted to « wide 
| Lona in the United States, from the Gulf States to 





range of condit 
Minnesota and.drom coast to coast, bub the,eenter of potential pro- 
duction is a wedge-shaped area with its base extending from eastern 
Rearly 300, UC acres are Gereted to eyree for sirup anette and 
about 10 tines that amount to sorge for forage, On many thousands of 
crop. Since 1929 the farm value of serge sirup has been between 6 
ative to. en lew kordd, an Aiticine. the soant oO years since it was 
introduced the plant -_ proved a geod subject for improvenent by 
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Reema 49 an taportant by-product in so aabtit ait Sibasnee | 
sella, awl a souree of additional cash income to aplaries equipped for 
processing. | | 

Although there are an increasing mmber of commercial aplarics, 
beekeeping is teually incidental to other orp interests. The honey 
crep varies from year te year with the weather conditions which affect 
the blossoms on which the bees deperd. Vost honey, both in the comb 


ami strained, ia sold for direct consumption, but considerable anounte 


of strained honey, especially the dark-colored, a fama grades, 


go to the bakery and ¢onfectionery trades. 

There is some research in progress on the utilization of beeswax 
and honey for industrial purposes, as the suggestions received were 
for further research along this Line. 

Same work has been done in State and Federal laboratories on the 
production of levulose from Jerusalem artichokes. Since artichokes 
offer a promising substitute crop for acreage removed from production 
of other crops on account of surplus, there ia a demand for further re- 
search on artichoke production and processing. (See section on Other 


Tuber Crops, ps>/19+) 
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Tobacco: Exports from the 
United States. [900 to Date 
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U.S. DEPARTMENT OF AGRICULTURE NEG. 24039-8 BUREAU OF AGRICULTURAL ECONOMICS 


Exports of tobacco to Asia and Continental Europe show important decreases in recent years 
whereas exports to the United Kingdom remain at a relatively high level. Total exports, although still 
higher than in the years previous to the World War, are on a lower level than during the years 1919 to 
1931 inclusive. 


1 
TOBACCO: exports! FROM THE UNITED STATES BY COUNTRIES, 1900 TO DATE 








United Continental Other 


Asia Totel Year 2/ United Continental Other 








Year 2/ Kingdom Europe countries Kingdom Europe ee countries aon 
Million Million Million Million Million Million Million Million Million Million 
pounds pounds pounds pounds pounds pounds pounds pounds pounds pounds 

1900 121.8 184.0 3.6 25.2 334.6 1920 162.7 209.1 29.4 66.5 467.7 

1901 93.0 185.7 2.5 25.7 306.9 1921 214.9 218.6 22.8 59.1 515.4 

1902 98.7 158.5 5.1 29.1 291.4 1922 165.2 178.2 36.6 50.9 430.9 

1903 125.1 197.0 4.5 30.9 457.5 1923 146.4 213.0 51.8 63.3 474.5 

1904 89.4 176.2 5.4 34.4 305.4 1924 151.0 237.2 2.7 65.7 546.6 

1905 101.8 179.5 9.8 37.1 328.2 1925 171.1 132.9 101.1 63.4 468.5 

1906 98.0 153.0 14.4 36.9 302.3 1926 149.7 160.1 104.2 64.8 478.8 

1907 116.4 165.2 5.6 44,3 331.5 1927 182.6 163.7 76.0 64.0 506.3 

1908 116.1 153.9 8.5 44.5 323.0 1928 173.7 140.3 196.8 64.6 575.4 

1909 118.6 121.6 5.0 37.5 282.7 1929 214.6 136.9 138.6 65.2 555.3 

1910 131.0 170.0 8.6 43.8 353.4 1930 193.8 1€2.4 132.5 7203 561.0 

2921 122.5 174.6 6.5 48.0 351.6 1931 162.9 116.3 175.4 48.9 503.5 

1912 120.8 198.0 10.2 46.4 375.4 1932 121.6 120.9 91.6 43.7 387.8 

1913 150.1 191.2 12.8 60.1 414.2 1933 172.9 124.2 6S.0 34.3 420.4 

1914 174.8 202.9 17.1 52.1 446.9 1934 180.0 123.1 of 41.7 19.0 

1915 189.3 107.3 9.4 42.0 348.0 1935 216.2 91.5 31.1 42.4 381.2 

1916 150.6 219.4 16.6 49.9 436.5 1936 206.5 100.2 52.4 47.7 406.8 

1917 122.6 208.8 16.8 58.2 406.4 1937 203.2 107.6 60.4 46.5 417.8 

1918 183.5 136.8 24.0 59.6 403.9 1938 

1919 338.8 333.8 24.0 69.3 765.9 1939 





1/ Stems, trimmings, and scrap not included. Export weight. 


2/ Data 1900-17, fiscal year; 1918 to dete, calendar year. 


Compiled from Foreign Commerce and Navigation of the United States and official records of the Bureau of Foreign and Domestic Commerce. 
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TOBACCO-GROWING DISTRICTS 


TON 
WA Perousk 
" EDGERTON MQ AneSVILLE 


eo. 
MURRAY 22 
TENN. 


AIR-CURED TYPES 
TYPE CLASS 3 
31 BURLEY 
32 SOUTHERN MARYLAND 
35 ONE-SUCKER 
36 GREEN RIVER 
37 VIRGINIA SUN-CURED 


CIGAR FILLER TYPES 
CLASS 4 

PENNSYLVANIA SEEDLEAF 

GEBHARDT 

ZIMMER OR SPANISH 

DUTCH 


FLUE-CURED TYPES GEORGIA AND FLORIDA SUN-GROWN 


TYPE CLASS 1 


lla 
lib 
12 
13 
14 


OLD BELT FLUE-CURED 

MIDDLE BELT FLUE-CURED 

EASTERN NORTH CAROLINA FLUE-CURED 
SOUTH CAROLINA FLUE-CURED 

GEORGIA FLUE-CURED 


FIRE-CURED TYPES 
CLASS 2 
VIRGINIA FIRE-CURED 


CIGAR BINDER TYPES 

CLASS 5 
GONNECTICUT VALLEY BROADLEAF 
CONNECTICUT HAVANA SEED 
NEW YORK AND PENNSYLVANIA HAVANA 
SOUTHERN WISCONSIN 
NORTHERN WISCONSIN 


CIGAR WRAPPER TYPES 


EASTERN FIRE-CURED (CLARKSVILLE AND HOPKINSVILLE) TYPE CLASS 6 
WESTERN FIRE-CURED (PADUCAH AND MAYFIELD) 61 CONNEGTIGUT VALLEY SHADE-GROWN 


HENDERSON FIRE-GURED 62 GEORGIA AND FLORIDA SHADE-GROWN 
~ 





U.S. DEPARTMENT OF AGRICULTURE NEG. 31729 BUREAU OF AGRICULTURAL ECONOMICS 
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CONSUMPTION OF TOBACCO IN THE UNITED STATES*% 
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BUREAU OF AGRICULTURAL ECONOMICS 
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U.S. DEPARTMENT OF AGRICULTURE 


The total per capita consumption of tobacco products was on an upward trend until 1917. 
The chart shows the striking changes which have taken place in the relative importance of different 


During the depressions 


products, and the effect of changing economic conditions on consumption. 


following 1920 and 1929 consumption of tobacco products declined. 
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ing and fattening ewine and other animals; the biolocical value of the 
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Gao compute. chendewl: dnwentery including both dnerganie and 
organde: conatituenta,s of algelie ef different verigties groom uncer - 
widely varying soil end clinetic conditions. 

‘e Parther fondscentel work oc the eccurate deternineticn of — 
vitenin @ and the oceurrenes of carotene ar sthor yeliow piguents in 
ekteesssciscties ae rot aoaltavic, 
ains, end carctincids, obtained by extraction end processed Zor human 





) Chevers are important in every agrleultarel region of the United 


pasture, hay, or gol] inmrevenent either wen’ produced alone or in 
astociation with grass. Red, alsike, and white cloverr ar: ator —_ 
Legumes ip the Corn Helt ond nertheesters Gairy regions and threuyh 
oat the northern irriented tnternountein end Mecific Sortheest Stetec, 
(Phe “Lateinsle value of many of the winter ancual species uti 
Lised for winter end spring gaming dn the Southern and Pacific States, 
particularly erimsen, low, least hop, wite, and Persian sechaiei is 
just beginning to be folly sea ameendil 
and-in the western @orn Selt States the screage of swoetclover in 
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 Bwallable hay-prodvetion figures are inadequate to represent 
the value of lovers, since the tron is more widely used for pastur~ 


— age and s6ilimprovéwent than for hayes 0% 8 fo eon fe a ow 





‘oe O° In L997) the faba value of red, sweet, and alsike clover bay and 
64. 1269, 000,000y not te sention samy other clovers for 

whloh wtatistics are net available, © < © 0608 8 ww wee oe 

‘oo Onlele gma proportfton of the Glover eron ts harvested for 

seed each lpi “The production ef red clowér, elsike clover, and 

: ‘ebed had & total: fare value during the last 10 years rang~ 

ine’ from’ > te 30 millicn dollars, 

Tincthy hay formerly was a cash crop of some inpertanee, hav- 
ine a rather extensive market in the feeding of city horses. In the 
last 25 years, however, thé nuvber of horses ithe United Stetes has 
bien eat in hale, saaictig «7 Naat have Virbeally been wiped out 

alt, + the old market for tinothy hay has ream 











ly —een thane 2 axe: ‘pti quite axtenbubs areas of tinothy 
a ‘considerable volune of this hay is coming on the 








‘in the Cotton Balt, 
ne eapaan are the ore Delt ‘Both crops are prow in the in~ 
Wervening: Corn and Winter Wheat Belt. Cowpeas are at once a feed 
erop, a Giwer erop/ anda Lemuminous soll Derilderys: — (ooco > 
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te the latter figurey it 40 estimated that about 2 million acres of 
oo lporactyphéal pletare of ‘the ctiliastion of the ¢rop de that for 
the erop year 1935; when there wore 9,663,000 eeros of cowpeas crow 
for peasy grating, and other surposes, Out of this acreage were 
gathered 53216,000 bashels of peas, the discosition of which was as 
follows: for feed for Livestoc, 1,379,000 bushels; for seed, 
23444000 busholsy uged in the fara home, 414,000 bushels; sold, 
25679,000: bushels, The average price per bushel received by the pro- 

The weichted-averace prises fer recent soacons have beer as 
follomafe joroetoies ten? 
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duetion and utilisation are discussed in the section on 04] Seeds 
Gnd: Creptevceiiest So ssf) ee 

oo  Dusthng the last 10 yeare there has been a rapid inerease in 
tie produation of soybeans for hay and forage as well as for beans. 


precast eed.l. akelrtiat, 
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harvested for beans and out of e total of 6,992,000 acres in 1937, — 
4j645,000 stres were not harvested for beans, While there has been 
an increase within that period of 203 persent in the acreage har- 
vested for beans, there has ales beer ar increase of 150 percent in 
the acréage of soybeans for other purposes.) 
ol toe Large partoof ‘the present research on forage Grope being 
conducted in State agriculteral experiment Stations anc agricultural 
colleges is concerned with the production and use of soybeans for « 
hay and forages Such research and suggested researeh along the seac 
linegare included under research on hay and fovare crops ih general. } 
ee PEDEZAS 

The Lespederas that are of agricultural importance were intro~ 
dueed fron'the Orient, This group of leguminous plants fe well 
adapted tothe southeastern Atlantic and Gulf States, and west to — 
Oklshoma, and certain varicties will srow as far north as the central 
Gown felt. «The two ¢hief annual species aake a growth of 6 to 12 
inches in a season, while the perennial ssecies, sericea, after es~ 
tablishnent, may grow fron 3 to 4 feet ina season, They are warm — 
weather plants, ind the annuals are killed by the first frost in the 
fall. ‘The crop is a prolific seeder, and the annuals are enabled 
thus to perpetaumte themselves fvon yeas t6 year, The annual varie- 
ties are excellent for soil improvesent and pastures, and food hay 
ean be made when there ie sufficient growth to make harvesting pos=— 


‘gible. They have a great deal of serit in the récion mentioned as « 


soil reclamation and conservation plants, their thick mat of prowth 
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The area harvested for Lespedeza weed in 1997 totaled Beng 
ery Wee: te area moe deyveser Ge fe 
aeres, and the outr of seed anounted to 99 mt2iion pounds 
yy Louies Cero seeldae oe i aa aka eo HOLGRY, 
estinsted farm value 81: vtly 5 million dollars, “in 138, ute 
¥ Ey hy geeeeneees at ve ies wae i, Rue fan. +4. ey By é eee a: ae ae re ane ‘e se Aa Oe vi im. 3. A Ss ba Ee PA, x 
"703,000 aeres produces 189.2 sition poms of seed. ‘ | 
Sa Sha Liye Be a 4 Cee’. fing PEL Pane *, > RS wie See oC od ea oe 
The D sais ge gag he wae of Lespodena is for pasturare » betrur grown 
ee) ae rey — Gs I ee S383 Tee Gh 3 res Pg Ae Fa wee f 
ether tiv obhination ey i fraction “el th other pasture plants, 1% 
ei tae ee GPs e wey Tae % away Rts, ee TESS’ Hee, oC Samet ae y 
is also grown for hay, 1 ean peng Be 2 million tons of the erop cil 
ae Pens, hi ee bi) he 8 e A GR puree SM us w ee ee eo . ae 
ing been harvested in 1997 fren about 2 million serea. Tn 1938, the the 
ad A ie as BODY tet a } rig re Pts : hit, Side 


aeresce siiidiioed en 2,428,000 and the tonnace of hay to 2,753,000, 


eo Dee; CRrser th 


he quality of this po er favorebly with “had of alfalfa. 


ENG ACR ees ae #P 
Poke Mine ida Re ok ae ibn aes sae ed me; * 
or pn otcrrgye ‘production od confined bane f to t the erg Al bell 


¥e 44 & 
eye cons 
ia. 


coorgia, atena, Wississippt ’ Florida, South Chyetiens and tonkeke 
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arm, although the crop ean be gram successfully throughout noct, of 
the Cotton Nelt. ‘The crop is well adapted to the sanfy Constal Plain 
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‘he principe) use for velvetboans ie ax 8 crasing 0:0 for 


2 a the | Ma 
Livestoet:, ‘ly cattle and hogs, axthough the Srop is also 
Hs ee) Pua iGes x wee HPAES OO 
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not been found satisfactory for iia food, 
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5 nutritions and fundamental research, “ith ne exception of alfalfa, 
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Studles include mow and ents weskinenion ami the 
combingy, ciation of bay, the relation of eleetricity to harvest- 
storage, the efieet of various processes on the vita- 
sontenbs, and the feeding value of forage ertifi- 
nail Invention at mitdedin atten conge fee aso 


this includes studies on ditferent types of silos, methods for making 
¢.using phosphorie and other acids, anc the mixing of such 
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Ben experiments with all types of fars animals. 





ent value of forage crops in various feed 
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rtares of maturity and the effects of different 
soils, fertiliversy Lims, ote. on the mineral and organ 
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oO Ea. Investigation of factors responsible for hydroeyanic acid 


in Gudan praia; Worghim, ete., and also of the effect of eclehicine 
on the tannin content of espedemea, 9° 2 OM 

0 °° 33g “Investigation of the carotene, xanthophyll, and vitamin 
contents, 48 woll as changes in protein and protein denaturation, as 
affected by the tethods of harvesting and handling are Sundasontal 
problens whieh ave being investigated. These need much ndre inten= 
sve Cea yes) wlitielal dxylae ar hay, and ersiiing af bays 

pees Cie Physical measurements, such as the relative weights of 
went of ingroved nethode for measuring ‘the color of hay. ©. 
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other factors upon the chystesl ant checical character of the proteins, . 


ee ‘mateitional constituents of the principal hay and 


forage Crops Po Wa ee Oe the vite other ber wales 

0 Re Daphe pessarch to establish a’ Sima foundation for investi~ 
gations:on curing, preservation, storare, foeding, and other eispos!~ 
dustries, which are vitally dependent upon hay and forage: produetion. 
nowt desirable composition for snecifie feeding requirenente of farm 


The noed for improved methods of corinc hay is. betenin: more 
aonte, specially inthe wet seagens, ainee emphasis is being placed 
onthe inevensed wee of hay crops for soll protection parsoses and 

Ceo Researeh on the economic aspects for fare use of mills for 
chopping hay, artifielal drying of hay, and ersiling of hays = 
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Oo Fuyther researokoig needed on the unidentified esserntisl 
muitritive factors in forage plants at various stages of their devee 
Lepaent and inthe forage preserved as hay and silape. All attespts 
to gear tertain topes of fara animals without pasture, hay, or — 
silage have ledte econplete failure and apparently have induced ~~ 
Giowase synptomey: including pardlysis and muscular dystrophy.  le- 
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i ba Tresredatine nuteitive value of various leat. proteing. an 
fae Intensive studies of the vitamins other than vitamin & that 
ocout iri forage plants, in over thet the Imowledge regarding then — 
nag bevat Least as eoupletese that already acquired on vitamin Ae 
8, Mutritional deficiencies resulting from poar quality of 
plants: harvested: at warlous stages of: growths. This inform tion is- 
needed in order that deficient ferace plants may be properly supple- 
tani. The unidentified dietary factors, present in fresh green 





pasture grasses but lacking in hays and silages, which promote re- 
duction and lactation in cattle, Pastures furnish about one-half 





of the total feed for farm animals and ceserve much more attention 
with regard to their value in animal nutrition. It may be possible 
to extend the utilisation of grasses and other awen feedstuffs by 
making from them preparations which are useful in human nutrition or 
in human or livestock therapeutics, 

16, Extension of the uses of timotizy, one of the most inport~ 
ant hay grasses, by including it in mixed ensilaze rations. 





ii. Further and more extended investigations relative to the 
vitamin and mineral contente of haya with the curpose of promoting 
7 wider usage and sore specific adaptation of the foodstuff for nutri~ 
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dg the’ probleas ‘of utilization of forest products are broad and 
complicated. “The Riheteet reasons ‘for this situation are as follows: 
Hate 4 “the uses Gf rorest ‘Unédunth: are numerous and varied = from 
‘Team to ‘sautighele? from telephone ‘poles to rayon, from fence posts 
‘and | railroad ties to furniture and newsprint paper. 
me “the requirenents of the various uses must be met both by 
‘areper yolsetia: “fron the wide variation in species properties and by 
artificial modification of these properties. 
— The markets for forest products are highly competitive, and 
‘they compete mainly with dthet stroctdral witebate tran nonrenewable 
‘resources, “such as ‘goncreve. ceramics, metals, ‘and plastics. The sub— 
“Btitation of other matérials for wood, developed through sciéntific 
‘research, ‘has resulted in a consistent and substantial loss of markets 


“for east eee ety since 1909. 


Pace on problems are rabeher complicated by the fact that 


‘the quelity oF the wood available for use is constantly changing as 


the virgin timber in certain localities is cut out and either local 


“second | growth or ‘other species from other localities are substituted. 


“While it may be said that there is a potential scarcity of virgin 
tisher, there — ‘unquestionably a tremendous supply of low-quality 
aroma gedethr water Gee current utilization practices and in the 
face of conalsuant Garevedenth in competitive materials is not mar- 


ketable oy 
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Agide from the problea of meintaining markets for the ordinary 
uses of wood, forestsy 
end manfecturing wastes but ‘waste HA Iek-crade Jusber and in whole 
iis diinliastiidaiegui staan: a pee ON a. 7 
frou thove of sone other erops-in that tha wastes are largely of the 
Of imfuvorebile aise or quelitys © — ©6060) structure = of wood, ox 
(2) Sov She @gonante impertance of forest products utilisation is shown — 
by the fast that the garest incustries.of the United States are now 
ving direst suppart to 6,000,000 people. This is aside frou the 
fect thet farn woodlands contritute directly toward the support of | 
2yS00,000 fara fentiies, Altogether wodeutdlisation prevlexs are 
songorned with the digmosal of timber eros frou nearly a half billion 
‘setes of forest Jandy with the! success of industries. valued at 10 bil- 
only sueThe detalleé survey of forest pracucts- b whilbe taken 
‘up’ tn: seven: separate: revorte.en dixie’, phages of tbe ponerel probe 
Ren Remmly eboou one-half of ite former voles on « OL See 
ae rac te ©» Tamivent mechawihes of wood ubili sation | 

&e Yoditleation of wood mrepertics 

5. TMuber physics | 
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6. Relation of growth, j structure, ” and ‘propertios. 


%.° Mechanical conversion ihe this” © 
WOOD CHEMISTRY 
- “Qnder this division of forest products research is included 
(1) fundamental research on the chemical composition pone colloidal 
properties ‘of wood and wood components and on the Location “ond distri 
bution of the chemical Gempanente » ~ ‘chemioal struntare - of weed, and 


(2) Yepited yésearch, originating largely from (1), on all chemical 


' utilization methods: except pulp and paper naking. 


Phe main part of these researches is applicable $0 the , problem 
of Siuibhwood ‘utilization: Lezzing wastes » 52 ‘million tons; ni Ving 
wastes 5 ae million tons; secondary manufacturing wastes, 12 million 
tons3 and over a 000, 000 tons of solids in pulping Limors annually. - | 
Wost of these wastes have no value and are nuisances and hazards, 

They also are mostly of a size and quality that nit practical utili- 
zation to chemical methodn, The wood-distillation industry is the 
only one now utilising any considerable part of this waste ‘ about: 
three-fourths of a million tons in 1987, and this kind of utilization 
now has. “only about one-half of its former value on account of the manu< 
facture synthetically of the nain wood-distillation products. | 

“Buch of the (dedadontad information is also applied - in research 


and practice in other fields of wood utilization (pulping, impregna= 
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grad ‘drying, and modification of properties), the economic status of 


which is covered in other parts of this report. 
PRESENT RESEARCH 
Fundamental research: om | 
Ww EOS dustrial isboratories and universities a’ well he Govern. 
mental afencies have been carrying on conpiaetabie Hoaaante sWibarch 
in ihe chemists, Guentoal structure, and physical chemistry of wood, 
along the following lines: 

oe "Comparative chemical composition of species, heartwood and 
sapwood, in terms of groups and conplex constituents, methoxyl, 
acetyl, extractives, cellulose, pentosans, lignin, uronic acids, and 
more recently holocellulose. 


45 The manner in which these conatitwants are chemically com 


bined in the original wood. 


3. The focation of these constituents in the MAcrErCReSEre, 
a as ae distribution of the lignin © in the cell-wall ‘layers. 
| ts The structural hese of the cellulose layers, fibrils, 


fusigorns, ete. ~ how ney ate arranged and how they affect the pro- 


| perties. 


0g The chemical composition and constitution ‘of the since 
eonattd teach in a (), gepociniiy the Licnin, holoceliulose, and ex= 
tractives. 

6. The Ghieek of ‘decay on the chemical comosition of wood. 


%, The fermentation of the-carbohydrate constituents of wood. 
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unh, hat Sy SRP AES, Bem eee Of wood. microscope and aubadero- 


_ charac aitieiahion. of woods, pr inerr of vapors 





2 and selective ateseotico, fron Solutions, the mechanics of gwellin; and 


ene. the effect of miPT. eentent on electrical properties; 








this : Angludes ‘tro lasees of r esearch, n (2), athe technoloay. 
a wies andi (2) the developaent 
of nethoda susgeeted by the remite. 5. the pyeianentat researches. 
hts moe, » ome in hardwood distiation « confined large~ 
iy to the developuent of inproved refining watheds for the production 
acetic acid to better meet the competition of the synthetic pro- 
_ (Resinous wood distillation is covered in the section on Naval 
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sot alleahol . - eontined Largely. be application of German methods and. 
| thelr nodigication for use with United States species, . 


1S Studies of of the action of tharwophtlic bacteria on partly. 
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_pretreatnent and plasticizings Athis work is closely related to that 
denertuas under Plastics in the section on Arricultural Yastes.) 
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i Dom aK © 
- erLSe. Thechyéregenation of lignia wiich has. just developed i 


the fundamental ‘to the epplied research stage through the discovery 
that-high yields ef new chemical. products can be obtained by hydro 


 genations (See Lignin in the section om Agricultural wastes.) 


largely to sulphite process liquors, and has included work on the 
production of vanillin, tauning egents, road binders, dexent aptting 
agents y _showagh: Labtery "expanders ,“ etc. (See algo section on Pulp 
ond Paper, ag well as the section on Lignin referred to above.) 

» ole The applied research on the prevention of shrinkage, devel- 
oped from the fundamental ¢colloidsel researches, which is reported in 
the section! on Modification of #roperties. — | 








‘ove one! recent. Sundanental researches on wood seen to be very com 
prehensive ia the mere listing of fields of work, but few of these 
fields haye been. theroughly investigated and in most of them the work 
has been only of a preliminary nature. In researches on this kind, . 
also, a field may seem to be for a time very thoroughly explored but 
advences in current Imowledge and technique in other related fields may 
soon phow the way to more complete infornation. Tre sections of this 
reporbidesling with Pilee.Crape and. sth: Agriquiture). Wastes, for. 4n- 


 Sbance, will be found to ve exceadingly suggestive, because of the... 


manyclope relationships in composition and structure between wood and 
other agricultural materials, Work in these closely related fields 
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the wider expilgration of this. 5 field should lead tq continued advances 
7. chemical Apowereion ape ogicieation of properties. a” general, 2 the 
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Be. Toe veom. discovery, of, mathods fcr Aeslation of, the, cam 
te ‘fraction ef the wood (holove}uloae) 





nom nakea, posible. the study ofthe haxieallsloeee in, toto with ali 
their constituent, ‘groups intact 
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as Gh 8 DGSs ns sienees tannins, snd sums, Penovable oe 
al solvents). have been determined in only « few species. jade 





“ xd, gacvera veh waite, ari blac: re orontaing 














ua 


Tap 





6. Continuation and expansion of physicochemical investiga- 
(1) steady-st 
rent viseosity and hydrolysis measureme: 





tions 2 especia + ly j " 






relation 6f 4iffusion, osmotic pressure, and ultracentrifuge measure= 
nents bi HOPG CSV Sue "PRESET Stn} (4) Dene *We weEEHAy wha date OF 7° 
swelling of wood in various Liquids; — determination of swelling 
pressure of wood in various — 


splied research: 





A list of specific projects in applied research on ¢hemical a 
conversion cannot be expected to rémain complete for any considerable 
period because it requires additions from time to tine as new discov= 
eries are made in fundamental research. A’ few years ago wood plastics 
would not have aspeared in this list, and only within @ year Nas the” 
fundamental research on the constitution of lienin reached a stage 
where apart of it, nydrozenati on, could be transferred to the 
applied group. Results obtained eek the broper prosecution of the 


Bs a hvac ga OF 


tal projects may require the addition of new applicd 






suggested. 
projects ina short time. At any rate, the utilization of enormous 
quantities of ‘waste wood will depend largely on the outcome of applied 


research: or the kind now obtlined or as modified by future fundamental 


bP kd] ieee) ar) 
7 | Naar. ak 


research. 

eee i Investigate other methods of making plastics from wood, es- 

pecially the effects of mechanical treatments and other plasticizers. 
8. ~ aepand the plastics research to includé the consolidation 





of wood pa rticles, such as sawdust, with binders to produce a material 
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hol only is apparently not profitable under present tonédtions, but 
the uve of the lignin residues for plastics or other products may make 


equipment, Landy butldings, ste., ef avpre 
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50 million ddjijwmes annnaisy. 


‘Ge Take: up the hydtogenstion of Limin with a view to come~ 


etal aypMeation, including (1) most e¢fietent conditions for tydro- 
 genation-temercturs, pressure, and catalyses (7) srectt 
_ ang Moquors, and various species} (3) the composition of the products 
_ from various sources and methods and (4) the sreverties of the new 





slysis of wood for the rrodvetion ‘at anise ‘and ele 





the combination crecess practices], A eorrelated attack on the conbin 
ation preeess is sugrested, Here again a very oiefler erebler fs on 





eountered in the treatment of agricultural wastes, 


, « Uke fhe distillation of hardwoods, the only chestenl industry 


‘new using considerable quantities of waste wod, bas been opersting st 
deereasing capacity for several yoars, and in order to inerease the 
wtilisstion of beech, birch, waple, and oak wastes the techn 

‘this industry mst be improved, New methode of heating the retorts 
peotrestaent of the wood with shenfoals, better utilisation of wood 











geo ‘The pulp and paper industry anmally produces products te the | 
ee has an investment in 
iy & Biliten dollars, 
gives employnent to nearly 300,000 persons and pays out in wages and 




















salaries more than 300 million dollars annually, The industry is 
based largely upon the use’ of abba; which comprises about 85 percent 
of the fibrous raw materials. In addition to the domestic industry 
there is ifported annually into the United States over 200 million 
dollars worth of paper and paper base stocks which include: pulpwood © 
aneowded! pulp. These depbwednwepotentaal ‘additional outlets for our 
own forést crop and additional investment opportunities. ¢-- 


The annual.consumtion of paper has now reached about 16 --- 


willion tons, and this use trend, if continued, indicates that by 1950 


it will reach 24/million tons, This will require approximately 25 
million cords of wood or the equivalent. raw materials. 





o.- Present and past research on the pulp and: paper ficld baa. 
ineluded the improved and increased utilization: of specific species 
With @-eonbtant)cffort to broaden the species base, methods to ine 
prove the quality and properties of pulp and paper, and means for. 
elimination of waste, - Research along these lines has been under way 
at several Governnent Laboratories and a number of university labora- 
tories, as well as several large privately financed Laboratories and 
milloresearch staffs. Federal and State agencies are concerned 
largely with broadening the species base, and other problems of gen= 


concemed with improved technology and with inenmten dong! teenies of 


Wier Ancustrial applicata Q@UBGESTED RESEARCH 


The following major lines of research in pulp and paper are 


suggested: 
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cog Comprehensive evaluation of the 90 nk cad States species | 
having potentialities for pulp and paper production using standard ; 
pulping processes and conversion into standard types of paper and 
boards. This investigation will Slant ‘ek ua iy ‘work which has 
pclae been done mably by ae Rgenei et. 

me “Fundamental research on 1 the determination of effects of 
EAs wae variables, fiherprocessing variables, ‘ and siete variables 
men se - qality, character 2 and ‘utility of ape and papers ry 
in forvarding objectives under ‘. (See also the dineussien under 
Cellulose in the secti on on Fiber crops.) 

. une “study and improve the chemical and sipniank gharen teria 
es of pops beset are of importance in their conversion to chemical 
cellulose and such derived products as | rayon, fils, an lacquers. 
(See cellulose.) 7 

| i Investigate nethods | for the elint ination, utilization, or 
control of waste in pulp and paper nanufacture which 1 now anounts tb 
over 8 million tons annually and consists largely of ¢itrens waten P 
lignin, cichehateaten * fate r and protein material which may hase — 
mendous ye valuée | 

Se ioe 8 nodifications ‘of “present pulping proces ses or new 
apne of pulping, ’ “both ‘mechanical. and chemical (inelnding econtanu- 
ous “processes), wide will inerease yields , improve and broaden the 
utility of fibers now used, or permit use of new species hod a mech 


wider industrial applications 
Bi ty e etiksets aa, i a 
te Study the fundenentals of pulp besehing. 
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is Fundamental sesearch on mechanical properties, including 
the evaluation of some 20 properties, such as hardness ani nodulus of 


@lasticity, en day species of wood and the aporeiasl of the offect of 


certain Sughors on strengtly These deka provide a seams for corpar 
ing veods, for ealeulating. the sireagt! of wooden wesbers, for estab 
dishing eafe working streases for the deaign of wooden structures, 
anc for Jumishing « basis for substituting speciens — 

Lhe cee Lymeveneste. in etructwral design and fabrication of wood 





search in improving joint construction has concerned some phases of 


| abter opening extdxcly new ficlds to wood construction, Laminated 


relative merits of difiarent construction detalis, and the expler 
ation of ntinely nes and novel agscibly and construction methods. 
ined at inproving serviceability through a siudy of the properties 
of the sheet material end of the fiber board, and the earrelation of 
these properties with those of the bats 
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egpage of the extreme inportance of this field of research in. 


ation exeept chemical eenversion, the Departuent has been urged to 
continue the fundanental work starved, ana the following suggestions 


| for furtier research save been mae: 


» Le Lewecest housing ie one of the most d:portant preblens of 
the days. Seagarch ia needed ic develop beltar and more cheaply unin 
tained strugteres #t eppreciably Lower cogis, Thé prohlec involves 


- net only daproved modifications of traditional practiced, tut also” 


the development of new etructural syrtens of known engineering sups- 
rierity, adapted to dactery production of prefatricates unite salt~ 
able for rapid field agsethly, dust what is the final future foru 
that the wilt showid take is nol known at present, but several pres~ 
ent premising researches should be extended, covering the use of oly 
wood, fiber board, ani uuber for the purpose of eonbining insulation, — 
resistance to weather, and strength. | 

2e Rural boiidlng construction stands in need of agsressive. 





the 6 million fara units ef the Nation reprosent an investment of -. 
qver\42 Wilden dollars, about (a0 pareent ‘of whtdh 44 wood frane: 
fer livestock and farm equipmest, and the need of more adequete crop 
stovegs facilities ali help to confront the farmers with serious 
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ments in , gluing technique, have } sepended its horisens of use. The 
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compiteated distribution of, 4, alvesdy complex poterial to form ply- 






wood makes Becossary the ¢ 
ment of special. working stresses for structural use and | design, 
TT wt “Little o bat no data on the mechanics of second celebs and 
on founfis fifths of “the 262 forest ‘tree species of the Unt ted states 
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are available. Date on nechanieel properties . are fundamental to the | 


2 er new formulas ack the estab lish- 
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more complete uaderstanding and | intelligent use of these nateriale 
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nental poor Bary aun result £2 from the anisotropic structure that ! 7 
are se eror-inereasing 1 inportanee md oa which practically no data 
are available. : These inelude ‘three Young! moduli, six Poisson's 
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ratios, ; and three ‘shear moduli data on vaich are increasingly needs 


ed in abe, cmalyais ef £ structure-property relations » in certain design 
Sse he.2 FOP Re: SES Re 
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_ The induatrial and economic, importance, of modifying the 
properties of wood are illustrated by the extent of the present 
industrial activity or potential developments in the several lines 
of work involved. Yor exemple, the coumercial woodepreserving — 
,dpeptey bee ixsated: ap avensge. of peerdy obs lidon, board: feeb: BF:.0 

lumber per year during the last 10 years, despite the depression 

years. this is ia, adiitiva, to, the unrecorded. amounts .of tisber 
treated by "in place" Or. “home methods s kuch timber is still used 
witsout BESAOTNSEA NE ; treatment, however, under conditions that favor 
early destruction by decay, insects, or otner wood destroyers. An, 
insignificant muaber of the possibly 500 million fence posta used  - 
each year receive preservative treatment, despite the fact that much 
longer average Life snd lower amual coste oan be. cbiained: through \- 
She, PaGRPS, VAROF, pone oma late 

Accurate statistics on the annual cost of keeping homes paint~ 
ed is now available, but it is believed that the cost of the paint 
should be added twoor turee times that amount fer the labor involved 
in its, SPP RRA, . tnt Puppies of ell kinds, 

" _ The fireproofing industry is very small because effective. . 
fireprocting aethods are still far. toe expensive to find wide use. 
The great importance of this field of work is in the need that exists 
$F TRE ob Oat WhoR TE ORR ERED elameinreed (Ger Jagwal 
fire loss of over 200 million dollars.on wooden buildings and their 
contents, and of possibly 5 thousand lives, can undoubtedly be reduc- 


ed by vigorous prosecution of research in reducing the fire hazard of 
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wood structures through treatment, protective coatings, or better de- 
sign and constructidns - 

. The economic dnpertance of good glues and pews giving camot 
be'setvoutiin any. single figure, but it is illustrated by the fact 
that the 1957 production of Lougla fir plywood was about 725 million 
square feet, involving possibly 20 million pounds of glue, a major — 
pertion of which was made from soybeans » With smaller amounts of 





casein and ertificial resin glues. The total production of plywood 
in the United States is probably three or four times as UCR as ‘the 
Douglas fir production, larger percentages of casein, starch, animal, 
and resin glues are used in the rest of the country than on the pasif- 
ic Coast. In addition, gluing is very important in the production of 
furniture, case goods, fixtures, laminated construction, toys, novel~ 
ties, and @ variety of other products. 

_ Mech of the trouble encountered.in the use of wood products is. 
due to the tendency of wood to shrink and swell as it changes moist- 
ure content. fhe sticking of doors, drawers, and windows in cenp 
weather and their looseness and rattling in dry weather, the warping | 
af table tops, plywood, and furniture of all kinds, the enecicing of 
dacorative face venecra and of ether wood surfaces, the bes of 
joints betwoen wood membersy the development of high stresses in _ 
gluddyproductsy anda great variety of other troubles encountered in 
the mamfacture and use of wood products are examples of the impar~ 
tance of controlling shrinicing and swelling. | 
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resin impregnation. 
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\S, Studies to develop cheaper and nore convenient methods of 
injecting preservetives: inte wood, end to promote an! encourace the 
wider use of wood preservativets = + | 3 

Se aii ei Rciecdenatents permanence under 





cenverdénnt: ten Gas daabeale 


aes ee aehingeterea aah teen technique: of: gluing: by hob-prese: and 
cold=prees nethale. 
‘Studies in the permanence of paint on different kinds of | 


Wood ond ef-methods of increasing the durability of paint on houses. 


&, Gtudies in the fommilation, classification, and grading of 


patnts for vee on wood to make possi sore apecifis an ware — 


coatings on wood. 

10s. Studies of the effectiveness of moisture-resistant or 
moistute-repelling films and. treatrarte., rented 
oo) ore Studies in the prevention, of welling and shrinkace by 
impregnation with resineforming naterlalas — 
ente in physical and mechanical properties by 





1. ens aethodas for testing the fire resistance of 
wos, ead. wood: wtarectunens:. | 
‘cdhdei1 Deyront gubhonecm the of feakdorenemn: of timegmocting wed 
by inpregnation or coating with sultable materiale. 





on! GeliBap Studies erthe improvement of fire resistance through de- 
sign and construction details ami the use of mechanical barriers. 
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may justiciably be greatl; packs 24 "the Péllowlng projects have 
been suggested, both for new work: and for nore vigorous rk 8 


a ae ese BEARS mi OES, 
finished works 


a c. Foe 


ce study the Saiklas tal ten a ane ta uvday %o veda 
higher quality veneer with less waste —  e good ‘veneer’ from 
seca grade logs gs or other ‘species: ‘than are now w considered & acceptable, 








Pou ae ty ae *e 


ly tay “Gevalia of ‘Sethe ‘at "heipee ereneivatives to 
weikaek wood from pope SOL EGS» and other nena dha 


tse 


8, Develop choaper snd nore conventent, nothods de of tr ‘treating 
and prolonging nlétging ts life of farn fence poste. a 
i “wake nore: thorough and comprehensive Held testo a end gerv- 
soe record 0 studies 1 compare | the o effectiveness < of ektterent ‘eer 
atives, tes be deter aeiie thet, eas Ie < withers Pot 
By Study nethods of conditioning, handling, treating, and 
protecting northern  Namock ae Bardo ratlnay tee to inprove ‘the 


serviceability ond narketability of these ‘unpopular woods for tles. 
‘ m4 ee dae as’ 


the technique of Gluing wood to wood and wood to metal, 


Ow 


6. study 


wie Bemis uged for tae ‘preis gy 


sx develop ‘sprovenanta, 


nap 

ris i; & Ta ee. iy een IS 
‘gabenee he ger: AE: Ge MES 
> d 














323 
“ao 
ssification ani grading of paints so thet 
ie directa nt -- caamal 
_ Shue da daleeaniid cand: tak DRG eae 
padats to inerease their durability and effectiveness, 
ical SAN UF Ca ie 



















dus ass of chemieal ispregnation for Mire» 


proofing wood amd develop more effeetive and less expensive formas 
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25. Study the details of house construction with a view to 


development of improved metiods for avoiding decay anc insect damace 


HS 


and of making effective repairs to damagsa suructures, 
TIDES. 
Timber physics is.a broad term applied to fundamental rescarch 


ou the physical properties of woods applied research on all wood~ 


moisture relationships (largely the seasoning of wood)3 and special 


lines of research such as construction problems involving moisture 
ellectse 


Some. oz the more important sconomic considerations of tais re= 
search ares 

(1) Broadly, the results of seasoning rescarch are applicable 
to moat ox the 15 to 20 billion board fect of lumber and other sawed 
products and to a goodly portion of the other wood products annually 
cut. in our forests end woodlots. 

(2) Current losses in the seasoning of lumber and timber cue 
bo seasoning degrade alone run inte many millions ov dollars, and 
better drying practice siuould be able to salvege weil over 
g40,000,000 per years 

(3) The economic utilization of weed species, representing 
billions of feet of standing timber, will depend in large measure up~ 
on the development and application of inproved seasoning mevnods. 

(4) Broadly, all seasoning research has application in the 
construction industry, Waich consumes OU percent of the country's en- 


tire lumber cut. Specifically, the results of the researches on 


condensation of moisture in walis, attics, etc., apply in larce 
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2eae r ) dixestly to ol) residences, both new and oid. Indirectly, 
and thrdugh turther study, they will apply to other cecupancies, 





‘partiedlarly to dairy barng in the colder cliantes, which mutter 





tively resent iupravenunts in howe design and construction bave 
-t¢.inerease and accentuste condensation troubles arleing fron 
in the study of the cauass underlying the condensation of moisture in 
walls, callings, and sttie spaces, and in the developnont of ressdies 
for the adteteultys ‘The effectiveness of many waper barriers of — 
tyves ef wail construction determined, Studies on the offeetivencss 
of the ventilotion of walle a6 a senna of keeping then dry are under 
0. % ite “Datengive fumtemental studies on the heat conductivity of 
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not so etictent a as at) present, and ona etudy of the fundanentel 
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relationships between rete of air efrevlation dn ‘the ery Kiln and the 
eyeod end quality of the dryincy ye 
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it wat ve possible to vite suitable moisture spect. cations” ‘for the 


Abt vist 


nany uses ‘of wood and to furnish the forest products industries satis. 
factory anaware to the important, question *how dry should wood be Sor 
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‘eS week ve p 
Qe Payeteal properties of plywood. “tho Uae of iywood 


(sheets of v venser ved together ‘inte boards of various thicknesses) 
has increased ‘twenendouely in the Last, few youre, « and the demand for : 
tnfornatiion about ite properties has inoreased : 
Needed immediately 19 extensive “Inforagtion on the samnt of shrine 
age and awolliny wich ‘takes Place with ‘potatoe changes 4 in he 
based: me he nae navennel say ie pallet ped 4 ayo variations ‘in the 
construction of the plywood, 

The best methods of drying veneer and the plywood boarde made 
from it need to be developeds present methods are wasteful of time 
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. ) be, of ptneay 0), 
the effect of fooding. (as tn the Mastestpot Delta) on the density 
and. strength of wood end ite effect on swelltutting of cartain 
apecies; {c) the effect of leaning coniferous trees on type of wood 
produced on the lower ide of the stems (4) the effect of pruning of 
Linbs of certain species of pine on ge of clear lumber or i 











lusber free fron loose notes (e) the effect of size of crown on the 
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ott oes “The characteristics of heartwood ae oanared With expwont 
end factors influencing besrtwoed formations 

— The relation of the cellular gtructiire of wood to its 
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little progress has boon made to iakes 





The following Lines of wort have ‘been "suggested: ese 
a ys A nore oxtensive and intensive study to determine the 
variations in properties between second growth and virgin growth « and 


the | causes of ‘those variations. ‘The study should relate both to use 


as “wood and to value for pulping. 
vie “Study of the effect of envizonnental erowth conditions of 
beat on ‘the strocture, 9 chemical -eamposition, and properties of bill 


; wood formed in then, as e 2 basis for determining the proper silvi- : 
ecitural naceennel for growing ‘timber of specific qual ty, 


3 Study of the ‘relation ‘of ‘eel. structure of wood to its 


properties, in order to give a broader understanding of variations in 


wood properties @ as s between species or between individual tvoes of the | 


sane species. The study offers possibilities of explaining the manner 
3 in which noisture noves through wed, of explaining variations ‘tn 


strength and other properties of wood, ar of socurately diagnosing 


the results of tests. “the project is of fundanental, character ana 
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7 ie 


he Detarnine the practicality of pruning both sof troods and 


herdecoia and ‘the best nethods for a doing ‘for the purpose ‘of ‘te 
proving the quality of second crom, ‘particularly of f hardwoods pon 
which no work has yet been done, . 


“s ‘Develop trees with highly valuable ® Figured + wood, and — 


comsining rapid growth ant high quality. sills 
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be Contime the ‘classification of wood | characteristics of 


| native ana exotic species to facilitate their identifications | 


atte Conduct Susdanental studios in ‘the physiology. and dio- : 


chenistay of the forastion of wood, bark, ana leaves ; Anoluding ex 
tractable naterials of forest, trees Ay shrubs, ana herbs 80 ) Sat “orest 
growth may be better urderstood snd nanaged, and further research in 


me Be Bxtension to hardwoods of studies on type of wood produced 


on the ower § side of the stems of Jeaning reese. 





For a » considerable Sane te eome the more familiar uses of 
wood, such as. lunber, plywood, ties, poles, posts, and fuel, will 


,eontime to. absorb & Telatively high percentage of the total produc 
tion from farm. woodlands and ¢e 





1 holdings. The status of 


Te Teen 


wood in these forms is gradually being improved by application of the 
better practices already worked out. in processing and utiliging the 





ducts. Still greater improvements lie ahead aa the contributions 
rch are brought, my to o bear on certain characteristic .. 
“of the ¢ forest industries shat senter around heavy wastes in 
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Le ‘Timberland comers, larve and omall, have been provided 

duting the last deoade with the remilts of much systexatie research 

y all regisns of the country on logeing and miNiing — 

costs and retwns as they relate to séleetive logging in Mev of 

élear gutting. Handbook data on timber quality in tens of luaber 

grade ylelde by lee ond tres shape for the t=sortant hardwood and 
‘Logging and milling operations 1n all 

forget reciong have Been intensively studied by sreduetion steps fron 

the stump to the lember pile. — 
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Flapping in values in aifierent log @lasses thet have charactor 
ised attempts at leg grading heretofore, Previously ne adeq 
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%, The machining qualities, especially planing, turning, and 
ghaping characteristics of Mttle-~used hardwood species are being 
established through recent research to make it possible for the wood= 
fatricating industries to use the weed as well as the fevored species. 





res Fl os Ke 

1. ‘ixtension of previous work on log grades to inelude the 
nuny spetiee not yet covered. 
; 2» Wechanisation in the collection, preperation, and handling 
of quali. and defective loge and belts te reduce costs and thus permit 
utilisation in the form of pulpwood, chemical wood, and firewood of 
much seberial now wasted in the woodes 
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5. the testing of improved wood stoves and furnaces as 
recently developed in Surope and modifications in design required to 

nect domestic demands, especially for central heating systems. 
Special attention needs to be given to. mee economical and convenient 
forms. of fuel wood for use with autematic or semiautomatic feed. 

_ & Gontimmation of work on machining qualities of lesser used 
and refractory species, especially hardwoods, to develop optimum 
cutting speeds, imife angles, etc., to compensate for inherent char~ 
acteristics of each species. _ , 

- Se Continued development of portable-band mill for economical 
conversion of scattered and small blocks of timber and similar 
measures adapted to cooperative management and processing of farm 
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| in 191819, The average is about,500,000 
barrels, ‘The production of gum naval stores for: the 1937-34 season 
was about 520,000 unite (ea unit is one 5O-gallon barrel of turpentine 
and three amone-third $00-pound barrels of rosin). The average 
The price cf turpentine bas ranged from more then @1.50 per gallon 
aewidely. These wide fluctuations in prices are due to fluctuations 
in volutie of: production, im carry-over, anddn dems 4 
enolic ©Mowmally 55 percent of thig country's production of naval... 
stores of all classes is exported, . The percentage end quantities 
efforts, of some important foreien consuming countries to be self- 
sufficiént in these raw materiale. «A change in source of supply by 
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+ A retent tidtber survey by the United States Forest Service 


capable of yielding ammally, 00,000 units of gum naval stores 
(om & sustained yield basis) and 300,000 units of wood naval stores, 
a preduaeenutien an exceor of any in the paste. ...- 

Pinally; because of low market prices for staple agricultural 


creps of, the South, efcorts ape being aade to establish a balance 


land use, The imereasing production of. pulp fron southern pines is 
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the South which will percit an eeonmerie use of the vast acreage of 





cut-over tinberland end: merpinal farm Land: 
tion of gun naval steres, although not very profitable at present — 
because of Low prices and hich costs, will inereave’ rather than ~~ 
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which should wepelt in reduced unit cost of production, more economic 
methods of pretessing and marketingy and finally, but ef createst 
importance, the developaent: through research of new products and new 





markets. te)” Bétiesn and opapetios af Sopuentime aro stl 
stores, which juve heen changes as epricaltural comoctitiss by the — 
varlous producing |Gtetesoand by the Federal Government, is carried 
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(ce). ‘fo detersine the souniness of the present systen.- - 
enn of quoting and marketing turpentine and rosin. 
(e) To wtudy the financial returns from management 
| Poseg = pulpwood, timber, etc. — with the object ~~ 
of attaining maxim permanent econoaic and social 
| Ze Porest genetics inveetiz 
aimed at segreyation of higylelding strains ery get 
new varieties of superior gumyielding capacity. - 
practicable and sound.silviculivural mth ods of producing timber for 
gua naval stores as the primary crop and for gua.naval stores im. 
cominathow with good yields of pulywood, lumber, poles, end other 
weed pr@iuetSgiiestion of ascified rorin end xesia ecide in inestetal 
| «Ze Development of special »gun exploitation methods aimed at. 
short-period heavy ylelds from trees marked for rewoval in pulpwoad 
thinnings or other woodsharvesting cuttings. 
9 developing products of industrial value, other thai turpentine and 
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for indadiryy would offer opportunities to provide new crops and hence 














new sources of income tor agriculix 





| o© Research work directed toward: the conservation of domestic 
saent of latent sources, and the 
Pleted Federed survey on the han tlh converting 
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oils, such as tune, soya, ‘Linseed, sasflower, perilla « anc ehtas 


) castor beans; eanaicre and Sumac as sources of ‘tannins ‘tobacco waste 
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« >ofhe foregoing list could be greatly extended but is restricted 
here mainiy to those plants that have hac most attention, that have 
been most frequently susgested as worthy of study, and that are im— 
portant, although not in all cases vital, sources of materials for 





mth as the plants in tais group are relatively not weil 

known and information regarding them is widely scattered in the litera- 
ture, brief mention is made of some researcnes oi the past, particu- 
larly of the types that are most frequently suggested for future work. 

On the whole, research in this group of plants has largely 
concerned itself with adaptation studies, cultural requirements, crop 
possibilities, determination of yields, examination of products ob- - 
tained, and phases closely related to these. Much research has been 
gone by Government and State institutions and colleges of pharmacy, 
but in some cases the large consumers have made investigations of and 
grown such plants in endeavoring to establish a local and dependable 
supply of raw materials. This is especially true of the botanical .. 
drugs. Digitalis, belladonna, henbane, strazonium, and numerous- 
minor ones have been studied in numerous localities and their cul- 





nts are quite definitely known. Ginseng, goldenseal, 
and Levant wormseed are established commercially and their growers are 
well informed by experience and preliminary investigations. During 
the World Wer when prices were high, this type of research was stimu-- 
lated by the fact that many of the botanicals could not be obtained 
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‘tors to strencth 
, iomestic culture of such 
plants must be on a competitive basis,and it was sought to offset — 





roduetion costs with greater market value resulting from 
superior quality. As an example, there were selection studies with 
belladonna, whereby its alkaloid content was increased two and three- 
teh sxe. aa 

9 OO) i. important agenty in promobing studies on medicinal plant 
enlture im the: last. two decades has been the medicinal plant gardens 
maintained by collep 





s of pharmacy. -Although primarily intended as 
aids in teaching, they serve alse 4s a means of determining the adap~ 


tation of species, because thes: 





. gardens are widely distributed. 
Through ‘the collaboration of the Hational Research Council a 
beginning has been-made’in a survey of the distribution and supply of 
icinal plants as a basis for ¢é 





ermining future supplies. 





est the expected serious decline in the world's 


supply of caseara bark led to researches on the propasation of the —. 





native cascara ‘tree and or Less destructive methods of collecting 

She Dergr 8005 Male ehent A guptie &e.. weet. 

» © 9 In resent years investigations were begun, mainly in the Seuth- 
westand in South Dakota, of the possibility of crowing several 





e 


ee 
species 0f Ephedra to insure a domestic source of the importent alxe~ . 
loid ephedrine. Subsequently the armed conflict in Cina, which is. 
tentyrtnctgninedres of theddrug, has cut off the sugply, thus empha~ 
Sizing the value of that type of research. . 

oo) Sefhe production of natural ¢ 





amphor from cultivated camphor trees 
in florida was the subject of intensive research whieh led two large © 
Gwrperations ta plant large acreages. Excessive costs of production 
and the comercial develoone: 





t of synthetic camphor were responsible 
for the failure 6f these enterprises. ~~ 

\ © oRhe possibilities of growing tea-in. the South have been thor- - 
explored and much information on the subject has been obtained 
im connection with an unsuccessful commercial attempt to grow this 
vee. oePpsyllium seed production was investigated in Illinois and 
licorice eulture was tried in Louisiana and Californias 





sSare> The essential obl<crops<of the country in the order of their 
importance are | peppermint, spearmint, American woraseed,and worrmmwood. 
The first two, comprising the mint industry, provided a cash ineone 
in 1937 of 1,760,000-dollars. Much hes been published on mint cul~. . 
ture and on these two-mint coils. While the industry has its problens, 
these are not primarily associated with lack of quality in the oils, 
butc rather with maladjustment of supply and demands A serious disease 
of mint in Eichigan, which threatens the industry, is being investi- 


gated to find practical methods of control. 
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The oil from the eet species of mint, grown only in Japan, 
is the souree of natural menthol, of: which it contains about SO per- 
cent, as compared with 50 percent in the oil of American veppernint. 
‘An exhaustive investigation has been made of the possibilities of this 
‘species. as a domesti¢ crop. It was found adapted to many sections, 
and the relation of numerous factors to menthol content were determined. 
Present low market value of menthol and production of synthetic menthol 
foreed abandoment ‘of the crop in California. | 
{ov 0 Ty éeritral Uaryland the wormseéd oil industry has been studied 
particularly with respect to the effects of methods of distiliation on 
the ascaridole content of the oil. Other researches on this crop 
have been made in Illinois and South Dakota. In the latter State, the 
use of wormseed as forage with incidental anthelmintic effect was in- 
vestigated. 99 5 

“oo” Thearomatic grasses, vetivert and lemongrass, were studied in 
Florida and recently the latter hasbeen the subject of ‘special re- 
search in the Everglade section, = = Ye) 

The utilization of roses as a source of attar of rose “in Oregon 
and California.has been investicated. . Rose géranium oil, widely used 
‘in perfumés and soaps, was-crown experimentally in Florida, Texas, and 
California, and the exeellent quality of the oil produced was deton- © 
strated. Likewise, in the Pacific Northwest similar work is being 
done with lavender, Basil was shown to be a promising oil crop, re~ 


‘quiring only a-larcer market.ocutlet. 
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The rotenone-containing plants now used require tropical condi- 
tions for growth and are not adapted to the continental United States 
except southern Florida. where adaptation studies of several species 
of derris are under way. It is possible that their culture could be 
established in some of our insular possessions. Six native plants be- 
longing to the genus Tephrosia are known to contain insecticidal 
principles such as rotenone or.deguelin. One of these, the devil's 





tains these ingredients in‘sufficient quantities to suggest its com 
mercial use. 
cov. PRESENT RESEARCH 

‘The fellkowing research is now in progress: 

1s Studies of the antiseptic properties of Agarita, a native 
of west Texas. 

2. Researches on aloe culture in Florida as a result of the 
recent use of aloes in the treatment of X-ray burns. 

3.0 Researches to reestablish medicinal plant culture on small 
farus in. New England with family labor. Special attention is being 
given to marketing problems. = 9° 

(4. Study ofthe heap plant and its products in relation to the 
marihvana problem. 

5,. Studies of the properties of wormseed oils from plants ob- 
tained eeciinaielieteintenabateae if boustes 
6. The production of dill oil as a substitute for dill herb in 
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ll“ Researches in preduetion of coriander cil. 


_o SeotStudtes ef the possibilitics of fennel herb oil. - 





J. Improvesent in the yield and quality of red peppers... 
“Ble ictensive researches of the crop possibilities of pyrethrum 
as an insecticide. These include cultural studies and investizations 
of toxicity.of the: flewers under various conditions, improvement of 


yield and quality by ‘selectionjand design of harvesting equipment to 


reduee cost of production. 
12. Investigations:on the devil's shoestring (Tepk: 





ana) to determine its rotenone content and ¢rop possibilities on poor, 
sandy soils. Hore ‘toxbesstrains aré beitz located and developed. 
913. sDetermimation of the insecticidal properties and constitu- 


ents of hellebore and Physali 





inves Theclines of research that have been sucrested in this field 
cover a widé ranges For convenience they are divided into the same 
four groups as in the .digseussions In some cases the research suggest~ 
ed has'ialready been dohe or is under way entirely or in part. Other 
sugcestions are merely whataindustry would: like to have-done, rather 
than definite»research proposalse 9° = 28 
Dreggikaloid ephedrine has sogsibilities. 

1. The possibilities of drug-plant farsing, particularly on 
small farns, to provide domestic sourees of crude drugs and to make 
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an outlet for unskilled labor should be explored. This investigation 
may in some cases be in collaboration with erosion control studies. 
i oon@e,.The survey of native medicinal plants, should be extended 
and means of improving their colleetion to provide betier material 
..3e, The study of stramoniun as a source of atropine and other 
alkaloids to improve. alkaloid yield should be underteken. 
can he h- domestic tea industry, especially as a source of caf- 
feine, micht be developed. . 
_, 3e, The active principles of drug plants shoulc be synthesized. 
6, Domestic sources of opiates might be developed. 
‘Te. Study of means of modifying alkaloids to reduce their 
toxicity is suggested. yoni same, 
8. ‘The constituents of drug plants should be investigated. - 
9. The possibilities of lac production in the Southwest . need 
investigating. 
10. . The possibilities of acacia and tragacanth sum production 
in the Southwest should be examined... 
il. . Few possibilities of assuring supplies ef quinine, includ- 
ing the feasibility of extracting seedlings, should be explored. 
12... The commercial growing of Ephedra to insure a source of 
the alkaloid ephedrine has possibilities. 
43. Sourees of plant hormones. should be investigated. 
dis. Study of adsorption methods for concentrating active con~ 
stituents of plants is desirable. 
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should Be thoroughly explored. CitroneTl 
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| 6 ; Study of the composition of botanical drugs fron the stand- 
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point of ‘their use in “flavoring liqueurs and de 3 
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nation of their 
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cultaral requirenents are worthy of investigation.” 


“ibe The ‘cout of crowing medicinal plants is generally hich, 
porte m eo many - cases, to excessive ‘harvestine costs. A zeneral siudy of 
this question with a view to ‘designing mechacical harvestinc devices 


for ‘the “plants otherwise most promising is recommended. 


Zesential ors. 


4 — “The ‘possibilities Of domestic production of essential oil 
plants ‘should be investigated . and researches on the composition and 


quality ¢ br the ois tn comparison with foreign oils should be conduet- 
. ed. pos ‘Hosied should include the variation in such oils due to 


ditterenses in strains within the species. 


e conprehensive investigat tion should be made of the essen~ 


apes oie from A and ‘Sntroaaced’ plants and their ueéfulness in. 
. ay industries to secure a ‘vreater measure of independence fron for~ 


eign sourees of ‘supply shoulé be determined. 


"49. the use or ultraviolet’ adsorption curves as a ueans of 
"The art of ‘refining and blendins essential scils for per- 





‘tHorough study. 





ie rt “the possibility of growing citronella grass in Florida 





a oil is the ost economical 








mt of new uses fer seraniol, a by-product fron 


eitronella oil in the synthesis of menthol should be studied. 





ome Bee 


236 aw vane whee We Some. for lemongrass o11 to pronct« 
success of its culture in the Bverzlade section of Horida. : 
aes ‘Qhe Attenpts have been made to grow vetivert, the route of 
righ are the source of a valuable ofl used as a fixative tn perfimes. 
The nothod of digtilling this ofl, and various aspects of the plant's 
culture in the South, require thorough study 

25 Researches are noeded on the uttMsstion of eupiag and 





otherwise unnarketable flovers, such as Foy narcissus, amc gardenia, 
fron nurseries, bulb ferns, florists! shops, and other scurces for 
the > production of perfume ofls. | ; 

“26. the possibility of diverting peppermint 042. of poor qusli~ 


ty fron regular narket cutlets for the produetion of menthol wigtt be 


tnvesti gated, Tis investigation wuld stabilise the yrice of good 
quality ofl. a 
‘7a The rate and degree of datertorstion may be detersined. of 
the essential ots of aronstic ot seeds, such as coriander, earemy, 
anise, end : fennel, under various conditions of starage. 
“28a The comparative value of éi11 herb and 4111 off for flavor 
ing purposes, particularly in pickles, showd be studieds 7 
29. “Researches are suggested on new used for essential of3s in 
favoring beverages, ager, @tce, and | the possibility ef utilising 
ofle fro: native species for whieh chen is no market at. present. might 
be investi gated, alta we condi es. ot austes eoeds:s 
wm ms “Boneh england 
sectieidal proper ees | of essential oils with special reference to the 
control of clothes moths and other household insects. 
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31. A Seaprakeusive wover is sugzested of the present commer- 
cial production of oils fron wils native plants, ineluding studies of 
he mechs of distillation employed, “sources of material, ‘probable 
future status, ‘marketing problens, ote. This would inelude the conifer 
oils, wintergreen, sassafras, pennyroyal, sweet birch, and tansy. 

sites. om Oils obtained as. ‘by-products in other industries, or that 
can be 60 obtained, require thorough study to determine their possible 
usefulness « or ‘to exten their present market outlets. Examples of 
such are the Ee fron ewleneeL. "freit kernels, and “hops. 
ier pc Producers ‘OF weraieel oil have. {one had a serious problem 
in the nanipulation of their stills. The ascaridole content of this 
oil, on which its anthelmintic value is based, is greatly affected by 
‘team Y pressure, temperature of condenser water, and other factors. A 
thorough tectuelasical steuky of this question will benefit erowers 
and assure a less variable "product. 
Condinents and suices: | he : 
™ ame The efzects of ‘eel and climatic factors on the qmality of 
mustard seed night be Sookie, tis exiue Gt eee au 
pelt produced in the United States is lacking in the bricht yellow 
maar ‘and strone pungency ‘of the English seed of the same variety. 

nies ‘The effects of soil, oe and eultural practices on 

ae Pieris paiecd iy eal Of. panics ‘and varieties of Savory seeds and 
herbs, such as anise, basil, caraway, celery seed, coriander, dill, 
fennel, sweet marjoram, summer savory, tarragon, and thyme, should be 


studied. 
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36. The superior quality oF Ameritan=-crown sace has always been 
recognized by the neat~packing and ‘spice industries. The cost of har- 
vesting fas ee the eee ‘serious: ‘obstacle to désestic ‘sace growing. 
A thoreugi M Senet: getian’ fof its: ‘possibilit ties from all ‘standpoints, 
ecner “nettiods of nechacical harvesting , adaptiveness to small fara 


units, eae ‘in erosion Me onteee practived,) Sai 4s iiaiaiisial 





Scalemicl: 5 2 —— ‘should bé a contimoss “search Por plants, preferably 
native or adapted #6 the continental United States, that have ir- 
secticidal value, are nohtoxie to man and animal, and can be economi- 
~~ "38, Specialized research is Heeded on the role Sf rotenone in 
plant metabolism, It is necessary to know what factors determine or 
modify ite production in the species” of lepmmes in which it occurs. 
The suceess of the native devil's shoestrins (2 


a Vircinjana 





as"a rotenone~contai ning insecticide plant oH the Sandy soils in the 
South will largely depend on such information. 

39. Ak thoroush study should be made’ of the susceptibility of - 
the pyrethrum plant to various diseases, aad an attenpt made to devel- 


6p Pesistant ov Gimune strains that can be grown in the Cotton Belt 





in the South) “and Under irrigation in +t? 
sonably well adapted. 


© Soutiwest, to which regions 
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toe are 2 produced commercially in the United States prin- 
cipally in oregon, california, and Washington, and to a small ex~ 
tent — New York. In 1937, 4,,000 acres were devoted to the cultiv~ 
aiden of hope} om opts being Ad, million pounds. This rg alg 
however, does not include 4/2 million pounds left unharvested on 
agogent of labor shortage ani narket conditions. in most seasons, 
farners have received about 12 to 20 cents per pound of hops. 

“The only important use of bape is in the brewing of malt 
beverages » in uhioh their flavoring and preservative qualities are 
of particular salem, Hope rt in the United States are of high 
quality, pternihy individual brewers sometimes prefer special 
varieties ie in foreign onauteren. Tt is desirable, therefore, 
definitely to evaluate or _shandar ds ae the peculiar properties of 
heaps wea make their | use  deatrebie in neeedng and thereby estab 
lish a enaie leks the improvenent of the domestic product. 

Active venegreh is being cenducbad with a view to the improve. 
nent of domestic hops, s tnelnding the following: 

Aaricultural research: ne 

le improvement by selection Bae breeding. 

2s Introduction of foreign varieties. 

3 Studies on cultural methods and app hastion of fertilisers 
tor, the improvenent of hops for brewing. 

: om Disease control, especially downy nildew. 
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“5. Investigations on methods of drying and curing, sulphur- 


tne, baling, and storage, which directly affect the brewing properties 


‘of hops. 


° 6, Studies of changes during ripening to determine the im 
por eens eee constituents which Mestad as the crop matures and 
indibate thé ‘proper picking time. 





7, Studies relating to simple, accurate and effective methods 


for the physical and chemical evaluation of quality. 





1, Further field work should be undertaken to aid in the re= 
establishment of the domestic hop industry on a broad permanent basis. 
“2, Domestic hops should be developed or improved to enable 
them to See with or supplant Pome products preferred by some 
brewers because of certain qualities not possessed by domestic hops. 





3. Studies should be made on the influence of drying on the 
composition of hops and their quality and marketability for brewing. 
Accurate chemical methods are needed to determine the changes which 
take place during the ripening and drying of hops. Temperature, at— 
mospheric humidity, and final degree of drying are important factors 


4o be considered, as well as the design of improved drying equipment. 
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studies should be extended te include the = improvenent and application 


4, An 


of chemical methods inh hop evaluation : for os we Dg agente Present 
meted ‘ack the uch desired degree of oe Seer or Ri tues ae from 
a chemical point < of r view, although ae 1 Anerensing use of chemical tests 
is being made. 2 | neuen see 

gate xe The ce mc which inpart flavor and aroma, and 
shess having preservative properties should receive Bpecial study. 

6. Studies on certain physical properties ; such as } SOL OF» which, 

nay indicate Anproper arying, and age of "the hope, both ¢ of Shich Bay... 


affect quality, are. also important t to the brewer. 


‘Fundamental, chonieal. research: mn 


Investicetions of a ‘Sundasental nature are © required + to, 6 inv 
the ‘advancenent of applied » research vixich has for ite objective the in 
provenent, of processing technique an the preparation Ne 3 hee 48 This. re- 
search vill be ‘prinarily concerned with ‘the varhongel ot the Bie oe van~ 
nins ond essential oils. * xany of the compounds found | Ls bee Ane iad 
ing alkaloids, wie. are re now 10 Lost in bagi brewing pr ocess have potential 
— in other inustries. Sone of ‘these substances are aes Sound in 


other plant matexial. ee vii, 

oe Bree ern ae chive gelbiite 1 studies on the hard and soft res= 
ins of hops are fundamental to the brewing industry because certain of 
these are essential for flavor. The hard resins are largely insoluble 
and remain in the spent hops. The recovery of these and some of the un- 


dissolved soft resins from the spent hons offer a possibility for the de- 


velopment of potential raw materials for new industrial uses. 
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Se ‘Substances of the nature of alkaloids, some with narcotic — 


properties, are reported to be present, “but thei identities have 
not been adequately determined. “A study of these is suggested. 


gal ‘the eeparation of the essential, ofl and studies cay ee 


ky D> 
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charesteriatios are tnportents “This oft is largely yolatilined in. 


the brewing process tut 4s associated with the areas of hops and : 
henee 19 of considerable inportanes in the flavor of malt Leverages. 
Development and manufacture of hop extracts which can be 


carted over to nest seasonal fluctuations in ‘the production of hop 
Jhave been urged, Such 8 preparation would probetdy possess s tlaading 
possibilities : not practicanle at presents : 


in, Investigations should be carried out on the posstite uses 


- veneiiinn of the various constituents of hope, particularly those of 
a nareotie or allalatdal nature, Sone of the bitter substances found 
fn hope, such as humilon end lupolon, ‘are not found in other plant 

materials, and these may find value for other purposes than in brewing. 


Be Chemical studies on (1) the fibers of extracted residves} 


2) the separation, Adentitiention, and utilization of hop seed cone 


(eae? 


_ stituents « and (3) the possitle recovery. of such substances 3 as » dye, 
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DAIRY PRODUCES 
“In the United States over 100 billion pounds of mi Le contain- 


ing 13 biliion pounds of an.ide as the form of fats, proteing, carbo~ 


hydrates, and salts are produced annually. _ ‘This has &@ value of about 


2 billion dollars or about 20 percent of the total farm income, and 
approaches ‘the combined beac af cotton, wheat, and Lebaces. 

| Three quite distinct geographic regions. in the United States 
may be distinguished as mi Lic sheds in Mash the milk problems differ, 
superficially at least, and which mst be aaah ars from different 
angles. One includes Pennsylvania, New York, New earner. Maryland, 
and os Yew England States, in which the milk is produced ote 
for direct consumption and manufacturing is a minor interest. The 
jacane is the Midwestern States, pre Hates Marge idinnesote , and _ 
Lome, in andeh the arene bulk of the milk ha into eg: edge 
products. The Pacific Coast States form a third region, based net so 
much on a dif ference in interests as on geographical isolation and 
elinskic conditions. Conditions in here area are sinilar to those 
oe the North Central States except that there are small sections of 
very iienebes production and. one proportion of by-products noe, Cae. 
an nemefaetured products is greater. 

| In the eager region the primary interest is te increase the 

aaa of milk or otherwise extend the woe hai for milk at fluid 
milk prices. Of secondary interest is the production and distribution 
of butter, Sheene and other namifactured products by the best avail- 


eis methods. The /swphs in the eastern fluid milk area is ants 
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- Rw 
different from ‘those ef tne more dintinetly manufacturing midwestern 
and nestern se tlons. “tn the fteid mile areas, the demand varies with 
the ‘seasons end 08 gome extent with weather conditions, and eapecially 
With Seonomté ‘corditiéne which affect the ‘purchasing power of the 
oonguner. “eer with a untfors demand at is ‘inposatble to eajest ore. : 








duction exactly to constinptiien, ‘and there ‘a, ‘consequently, a serious 
deasonal surplus. Tt will be necessary to further develop products, : 
partiovlarly the more stable by-products Witch ean be made in vary- 
ing voluse, 89 that the returns from this surplus wi ik will saareaah as 
nearly as powwible to these from fluid eilk. At this point the interests 














Porty percent of the -— produced ts conswaed dtreotly as ‘gueh 3 
OF. as erean, ‘and 4 percent ig sonsimed- as man food after concentration 
and sterilization to make evaporated milk. An additional “o parcent 
of thie total milk supply is separated to obtain cream for bubter making. 
Skim milk thus obtained, combined with that derived from milk in the 
separation of cream for direct conmumption and for ise crean, makes a 
total of nearly 46 billion pounds annually. in addition to this enor 
mous quantity of skin milk, creanery butter making produces each year 
over about 2.5 billion pounds of buttermilk, having approximately the 
Same composition as skim milk, For the manufacture of the 650 million 
pounds of cheese produced annually over 6.5 billion poumis of milks is 


_ vequireds as a by-product 5.8 billion pounds of whey containing 360 
million pounds of lactose, protein, and salts are obtained. | : 
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S) Fresh milk and cream imports from Canada 
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rapid improvenents-in technique’ and equipsent. Milk-handLing equip 


ment ie vastly better than that°in use only’s few years avo, Dut the 
advanced,and duplication of service and facilities is frequent. ‘Al 





vhighers: Tages of milk-plant employees have 


this has tended to widen the spread between what the producer vets for 





tends to cause diseontent among the producers, who think that ‘the whole- 
ale iprice.ds toolow, and:to décreuse:wonsunption by: those Wid think 
the, retali.price is too highs A relatively small reduction in the re- 
tail price would undoubtedly result in —_— ‘consumption and a cor- 


Posponding reduction in surplus. (0005 — 


. coon majer problem in this field is a reorganization of the systen 
of eity milk distribution on the basis of recent advances in transporta- 
syaten was developed ata time when milk was moved in cans by horse~ 
drawn vehicles or by rail, refrigeration was by means of natural ice, 
tion and sterilisation were hardly know outside the — 

aboratory. Research work has been almost entirely on details of the 
present system but it should now be possible to put the entire systen, 
on a basis which will use, to the fullest extent, the recent advances 
in knowledge and materially reduce the spread between the farmer and 
the conswacre it is evident, for instance, that an improvement in the 
process of sterilisation, making it possible to place in grocery stores 
evapovated milk which could be reconstituted to a milk having the flavor 

€ fresh mL ; would revolutionize the mili—distributing industry. 
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Another major problem dm-this field is the development of 
orderly methods of utilisation of the surplus milk resulting from 


the uihalenced supply ami demand in the city milk areas. Hew. York, 


Deterber at 10 to 12 mikidion pounds. In June a demand of 12 to 13 
milion pounds for milk and eream, with a supply of 21 to 22 million, 
existe: thus the daily Jme surplus is about 100 percent of the 
December requirenents. Fluid milk demand has @ seasonal variation 
ofomly plus ‘or minus 1 million pounds per day, but the requirements 
for eream, expresved in terms of whole milk, normally inereasss from 
about 3 million pounmdis to 4or 5 million powxis in June. Making. 
allowances fer these variations in demand, the daily surplus of whele 
milk inthe New York mile shed increases from 1 to 2 million pounds in 
December ta about 10-million in June, In addition to the surplus of 
whole mile a large surplus of skim milk from milk separated to obtain 
cream existe, and this varies within wide limits. 

“ce “Whtibe-some adjustments may be made in time through regulation 
of feeding and freshening, the main problem is to find means of con- 
verting this curplus milk inte marketable products whose manufacture 
and sale canbe adjusted to the extremely variable supply of raw material. 
This involves work on the manufacture of primary products like butter 
from the .ceparation of milk for cream for table use and lee cream, 
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Burr 

Importance of butter in the dairy program ds. indicated. by the. 
its preeminent place in competition with other fats mainly because . 
of ite palatability, ready digestibility, and vitamin A content, In 
commerce, palatability or flever is of chief consideration, ‘The pri- 
manufacture from inferior quality eream ~- eream which is so sour as to 
require partial nevtralization of the acid, and sometimes renovation 
to resove: foreign flavors anc oderes Putters made from such creams 
are not only of inferior flavor but deteriorate rapidly in storage 
made from sweet cream has a clean, wholesome flavor which it retains 
over a relatively long period of storage, 
ore “a0 The majer problies of the creamery industry is to replace the 
made from sweet cream. This can be accomplished by returning. to the 
te make it more profitable for tim to bring the milk to the factory 
than to separate the cream at the farm ani feed the skim milk to the 
livestock. This sktuation can be realized when milk by-proinctse com 
mum a sufficiently better price because they are more efficiently . 
wbitheed pould sreride « auviet Por Goo wile of 184.000 com 
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Ot, It ig made in relatively stiall- factories, al- 
sent tendency ie tovard larcer unite. The large pro 








portion of the ‘cheese is inferior in flavor ani stored at low 
temperatures and sold with Little real ripening. This: counteracts 
moisture cheese gerierally made. Part of the infertor quality ie - 
due to the low grade of milk delivered to miny of the factories. - 
| Moreover, insuffleient information is available on what standards - 
~ Showld be applicd or where the line separating satisfactory miik from 
“wneatisfactory milk should be drawn. The quality of the cheese is 








wistic of the high- 


ro ese meres, Some, a Rate seas Son ciple iad Fagtomi ud te aoe 
“Swiss cheese is also made extensively in thie country,but the 


the best. © Limburger and Brick are made quite oxtensively,and 4 timber 
| 9f other varieties dre made on a small geale. Cottare, | 





“Crean, and other cheeses of this type are made very generally, especially 


in the’ ‘ety milk districts. O Dee ee Bhs feentaoy 
) pounds of thesse (about 10 percent of domestic 





" preduetion) are imported each year which, if it oouild be made in this 


country, would provide a market for the milk of 135,000 cows. Some 








eyt inet a price so low that it cannot be made 
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here profitably under presemt conditions, 1 

which arevthe most iaportant in.vol 

of Linanging the long storage were available, although there is 

rongon,to believe that.other factors may also be importants: 

than im ingland, whichis motably « mest-eating country. If the annual 

be enya for al ‘the surplus. milk on the Atlartic seaboard. Greater 
on can. be abtainec by producing a sore wnifora grade of dis-— 

tingbively flavored Cheddar and by developing new cheeses on the order 

of gowe of thos | Education will necessarily be an im. . 

portant factor in increasing conswner Gemand, expecially for new prod- 

vetie. thie sitosiien iv egies ig, ee cee pees tr mew Oe 
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es Production of-dee cream in comeretal factories is now approw. 
iuately 259 million gallens annually. This. great volune has been 
attained. in. a comparatively few years and has been accompanied by very | 
rapid changes tm the teclmigue of manufacture as well as in the business 
of ebtaining and storing the perishable raw materials and eeteeanans 

yo Teesorean ~akere’ have been much concerned over the question of ~ 

Mng a supply of ereany or ite equivalent, and of nonfat milk — 
solids so, earn ofthe. neat mariations 4 the demand for Lee cream. 
There i¢ not enly a wide seag 





















The great economic loss in the by~products, skim mile and whey, 
is through inefficient utilisation, rather than by actual wastage. 
The great bulk of ‘the skim milk is fed on the farss and is only 
potentially nvailable for manufacturing purposes. Of the skim milk 
in ernaneries or milk plants ever 700 million pounds are used in the 
skimmilt, and-l.7 billion pounds in cultured buttermilk and other = 
veverages. Nearly all buttermilk is fed to farm animale either in ites 
natural condition or in a semisolid or dried form. The 46 million 
pourkis of casein made in 1036 required for its marufacture 1,6 billion 
pounds of sii milk. Considerable quantities of whey are actually rasted, 
to animals, about 1 billion pounds being dried annually for use as a 
constituent af proprictary feeds. About 120 million pounds of whey 
are used annually in the manufacture of lactose, and about 5 million 
pounds are fermented annually to make lactic acid. 
at any one place, but there are many centere of production where either 
skim milk or whey could be concentrated at one point without prohibi- 
tive expenses The wide seasonal variation places definite limits on 
the type of manufacturing process which can be operated profitably. 
Any new method of utilising bysproducts must be able to compete with 
present uses and place a sufficiently hich price on skim milk to in- 
duce farmers to bring whole milk to the creamerice for separations — 
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molecule of lactose. Appareittiy milk is the only natural source of 


lactose. Tt is present in normal milk in the proportion of over one~ 
thira of the solide and is thé major constituent of many by-products. 
Gu sdeenaits 68 hhe wdlstl ted deeG My fee gktol smdebiogn 5 tttens 
foun? Wtthe plaes in foods exospt those especially prepared for in- 
fants. Geeause of the wage potential. resources avallahle, it is «- 
attracting industrial interest. Several methods of separating the 
lactose frov wrey and even from sibs mi Lc are available. “the most. 4 
oovieus new ude of lactose is through fermcutation to Lactig acid. - 
whieh canbe Gone ‘eranomically. This process is in actual operation 
in one plant. Tha presence of tea functional. groups, one alcoholic, 
the othér acidie, isthe basie of mids of the rescarch oa new deriva~ 





p dagetn ie Our mort important industrial: . inti 
protein material. Tor this Yeason there ie ineluded in this seetion — 

rel. Uisevssior of proteins from all sources and, under the 
aporepriate headinee below, the fundamental studies on proteing now 
being carried on and those sig geutens Much of: the baste eco 
obtained” ‘Pron thea slidie WEIL de applicable to’ iene: 

oppete tis? ‘ate essential constituents of every Livine cell, both 
pliint and ential) OTebe” ‘fimetions in ature aré manifold and varted~ 














Processes they Serve as catalysts for carrying” 








af eee 


out physiological reactions, as sources of energ) By, and as units for 
structural purposes. In plants, in addition to tbedy functions in 
the Living sell, they farmy wate cnccawlraten and oils, ‘hen vast 
reserves of food laid ap in etorage organs for future growth. The 
storage proteins are ‘especially shundant in Legume seeds, an canoe 
grains, in nuts, and in ‘the kernels of frait pits. Animal proteins 
are especially abundant in blood and mscle, in skin, hair, and 

Lee ihiiies dot vet: dak, bitte aad, diet a eggs. At times, pro- 


teins may assume pathological significance, as in the viruses that 


me 


cause both plant and animal diseases. In recent years, proteins such 


as casein, which can be secured cheaply in large quantities, are be- 


coming increasingly important as raw materials for the manufacture 
of plashiena water paints, paper sizes, adhesives, etc. 
Auaino acids, which possess both acidic and basic groups, are 


the simplest building blocks of proteins. More ron a score of dif- 


ferent kinds of amino acids occur in proteins, and they are united in 


the protein molecule through the acidic and basic groups by the elimi- 


nation of water. Proteins may contain fron several hundred to several 


thousand of these groups. Changes in the coubinations and arrange~ 
ments of the amino acids give rise to dissimilar proteins and as 


might be expected a very large number of different proteins, are pres— 
ent in nature. Proteins isolated from the same kind of sources are 


identical; for example, blood proteins from different breeds of cattle 


are the same although blood proteins from different species of verte~- 


brates are unlike. Generally, the more complex the organism the greater 


spin 
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Among animal proteins, casein, wool, silk, and gelatin are — 
being weed industrially, Zein and other vegetable proteins are also 
in commercial use.” Rut the question a2 to what form of protein 
available in farn comioditiss is most feasible for industrial vse 
from the économie ataniipoint is not yet settled. 
>) Because of their importance and physiological interest proteins 
have received the attention of many investigators over a long period 
of years. They are probably being investigated to a greater axtent 





oc uPresent_researeh din ‘the United States on milk and milk products 
relates to the utilisation of these products in food, in feed, or in. 


‘gona industrial process. The first of these three types of investi- 


proceseés hag eaused several private agencies t> carry on pertinent 
 Rescateh wark under way has been classified under the following 
Consumptions Buttar, Cheese, Ice Creamy Milk By-Products for Food and 
on Lactose; and Fundamental Studies on Proteins. 





-. \* Le ‘Studies om milk as 4a physicochemical ‘system including acid 
base equilibria, physical equilibria or colloidal properties, coagulation, 


and the effecte of freezing. 


Ni a 
Wene? 


i ita a 
f 





ts ‘607 


sis, and the influence of various physical and 










ightviong on (1) the faetors’shieh influence 
te tat tant of the milk toth before and after vrecessincs (2) 
vemos iealt vhelbead dnd wud the Peed Valve of butterfat in itself 








man es animal mrtritien., The nutritive value of 





on milk and oreain for direct consemption | 

is ind! ated Briefly as follows: — | wdsineeds ital 

te amy 4. Petect of hl iia Ripe SP paditere, forace, hay, ant ensilage, 
ray “alae aa nad ie aseeatitennctn; aliens 











‘chemical analysis. | | 
hit. bosentan ene ye 
ry . ed4 sdpoadvend Rae :' peor tn: a 
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is etven to the causes and 
. allele tb "06 Glass nde ag an Oxidined or eapsy flavor. 


hewn other flavor defects are receiving attention. 


EL) a, Guard tension winecuanmees leading to a greater knowledge 
ceudubatiiien batt : by regulate spnuncoaaaaienied 
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cow, or by treatment of the fresh milk by: wannalitlek” means, by base 
“exonange, and other wethocs. | e peovense al o 

A NE of the fab ie obtained. Re~ 
jatedsto these experisents is control of the flavor, lowering of the 
curd’ tension, and the "cream plug" problem. 

‘Q. Studies désigned to imorove methods by which the vitamin 

D eomvent can ve increased.’ “irradiation and other means fr Inereating 
the witanin D.content of milk aré ‘under investigation, euéh'ns) ‘the 
effeat.of various fedde and the addition of vitamin Dorien ‘substaneds 
to Wietliiess co). 

10. Packaging studica in regard to ‘the preparation of milk - 

and ercan for market. ‘the advent of paper containers hae given rise 

Ae Gtavage studies on cream, including preservation by freezing 
90 that it can be carried over from a period of surplus to one of 
acarcliven:. in orogrece t » inereas » technics? infor 
WiLL servey:. by the addition of water, .as a source of good matket milk. 

136 Mwaporated milk investigtions: Attempt to improve flavor 
amkeoler.and to standardize vitamin b content at a relatively high 
levels it, Peertewrilastion. tovesti gations 1} 
BeReRtns: act quality of « hactes 
14. Investigation of butter flavor as influenced by various 

factors. Included in these studies are (1) the effects of various 
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metals, (2) the degree of acidity of the cream folios 
ef so~called "neutralisers", (3) the presence of certain metabolic. 
products of ‘the bacteria in the ereas, euch as acetyl methyl carbinol 
and diacetyl, (4) the addition of such procucts in butter manulacture, 
and (5) methods for the control of flavor ani for improved keeping 
io) de A Se, Studies of the nutritional, properties of butter. Such 
research has for ite ovjeotive (1) the determination of the vitamin 
omtent, especially vitamin A, (2) the sparing action of the fat on 
ts, and.(3).the influence.of various feeds 











16s, Processing. investigations on such projects as the control 
of micro-flora:and extraneous matter in butter, variations in color, 
texture, composition, and keeping quality, and methods for determining 


‘the probable rate of deterioration, 


ing Werk yin progress to increase technical information relative te 
the marmfacture,of cheese falla in the following groups: 

o ojo@'e, Studies.on initiation of fermentation processes in making 
the many varieties of cheese. detailed information on the micro-flora 





~ of cheese milk as related, to 
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. 19. Studies on the control of the hydrogen ion concentration 
during the manufacturing process and its relation to quality. This 
is an imoortant factor, perhaps the most important, in determining — 
the optimum’ rate of acid formation have not bemestablished. 
taking place during the ripening of cheese, | gee the 
oo) © 2s (Cheddar cheese studies including: (1) The investigation 
of bacteria producing the characteristic Cheddar flavors (2) manu 
facture from homogenised milk to control the leakage of fat when the 
cheese is exposed to high temperatures (3) packaging for distribution. 

oo 226 Swiss cheese investigations on: (1) The neuteriologiaad 
grade of the milky (2) the standardisation of the composition of the 
milky (3) the selection of propagation of the three types of bacteria 
essential to. required flavor and texture; (4) the control of the pil 


at each step of manufactures (5) the temperature and humidity of the 


23. Wiacellaneous cheeses, Bacteriological ami chemical 
studies on Requefort, Brick, and Hel Paese cheeses. Almost no work 
ig being done.on Lisburger or the hard Italian cheeses. 
so) othe Studies on the mamafacture of new varieties of cheeses 
{gic leeek the wesesreniwenesthet is being done on ice cream is 
espirical in nature. Pressure for resulta on many practical problems 





marked ‘iggro‘giiiets Srey Guapoil 
“Gnd the effect’ of “these! coaponents on body and texture as determined 
“by rather simple mtheds and, in a few cases) by well-developed 

. ‘bet ent et tinggi: ani dentate denterte, vinegar hab Godn prom 


GLE 


cam wis Ls at the Sametime a colloidal suspension, an 

em ee, solution of warlow: salte; soluble proteins,and 
1 The oem @lteratione in temperature of freezing and harden- 

ty Alter ‘the physical propertier of the mix. 
s play in ie Crean quality are well knéwa by experience, — 
3 are little uvierstond. ‘The effects of all ara becoming better _ 
\enown a8 Aanecegped methods’ abet meee the quality of the: finished 
‘préjeete’on Lée-crean inelade the fodtewing: 
of the wix with respect to flavor 






































ee “Y96, Studien’ oF hew stabi licere*as"Gompared with gelatin or 
with lee creah tae without the Incorporation of a stabilizers «~ 


ae eee me % iy wie paraibtinl oe. 
fruits ‘that: babel ie as nerd’ agents. — asia preservation wag 
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Reman food provides a larimr and hore profitable outlet for 
dairy sh getapacbome cng gooniirund development of efriéient 
shémidal preparation’ of high zrade 
tn adeune oF tid Hccene 











wwe SF arte ‘elds mk in bread talding, weieh has grow in a few years 
to’ ridaly’ 150,000,000 pounts. ‘Sidi mlx doltds Bie Biko used extensive- 
1y Aw ibe erbain; where stiperhestiny has been fotind “ts Ampiove body. 

Wel livation of whey ssLide In humdin 608 tae Hat’ Heceived mich atten 
tion untti very Pecettly. whey bread has now been shown to have a 
marked spi pone tn volume and athroanees ‘bier brace Bread. a 














y dru capgteg and vacmin ‘@vaporation, has’ "inereased the ‘use 
‘py-preawets fn ‘antmat feo. ‘the principe’ of acid preservation ae 
Aiod'th ‘the dévelopanitt' Sf Géncentrated soir sic milks further, 

necent P bob aaded ‘to silage to accelerate the ‘factie acid 









+ ie 


ea? ia "els cede RAVE SSk Gandnved iy” 


oe a es s +e 4 wat Pee yk OR a en 
ery ah as " ¢ 3 i ua eyes y wee cn « 
exnenta O.OEs of A. ek GnA8. CONS vr cwesy a Soke Go Write Se @ 












‘ , . ] Mie evan ‘ “hs ; ; ALY, iv i i 
! bate) 
il ¢ “eae: } 
< Cae 
¥ 
, 
Iai, 








= e4 = 


613 


inclusion of mill ‘by-products dn their diet, and this field is being 
‘extended to domestic pets and ‘hatchery fish. allio : 

| | Present research on the ‘ubilization of milk by-products for 
“Fo0a' and feed use “ane Tales: the following: | svlncate 

| 28. Food studies, “uh ei (1) Tuprovement in equipment and 
“processes designed to produce improved products from the standpoint 
“of stability and salability; (2) incorporation of solids fron skim 
“milk ana whey in food products 3 (3) improvement of packaging to 
facilitate the retail distribution of dry skim milk; (4) assay of 
“the fatritive value of sidim milk solids and the economy of these — 
MGLATGL Ge WGedies ob BURA Geodhiati, (sy Beberminatied oF the rate 
“and. fimetion of lactose in the humari systen and the role of lactose 
“in itneral, metabolism. 

“Weed studies including: (1) Determination of relative 


eg of Sidin wile solias , especially of the minor constituents, for 





poultry and ay mals; (2) incorporation of milk by-products in the 


‘form of ‘bubternitk and skim milk solids in spit poultry, calf, 
ABS" roe” considera ie sparen Pe “and 
Milk b 


“While the use of milk by-products for industrial purposes has 


products for industrial purposes: 





“hot attained the COhercisl importance of milk by-products in food 
“and feed, interest inthis subject has been greatly stimulated in 
“recent years, wost of the research in this field has been directed 
‘directed to. improved methods of utilizing whey, especially through 


fermentation of its chief constituent, lactose. 
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Gasein: A great deal of fundamental research on casein has 


been done but, principally because of the complexity of the casein, 


mach of this research has been only partially successful. For ex- 


ample, the approximate molecular weight of casein is known and the 
proportion of its components is established, but the structural ar- 
rangement of these components has not been definitely deterntined. 


lack of adequate fundamental information on casein has hindered de- 


velopment of its utilization. 


. Research on ibe manufacture of acid-precipitated casein has 
developed methods of producing remarkably pure casein commercially. 
Methods of use of this type of casein for pwer coating, glue making, 
and related purposes, have been fairly well standardized and the basis 
for specifications, for casein is available, though not uniformly 
applied... Efforts to produce a buttermilk protein that approximates 
skim milk casein in its adhesive cherecteristics. has been unsuccess— 
ful. Casein paints have been improved considerably in recent years 
and the suceessful use of buttermilk protein in paint has been devel- 
oped. Probably considerable further advances will be made in casein 
paints. Casein fiber has been developed commercially in Europe. Re- 


search.on ¢asein fiber in this country has led to several processes, 


some,-of whieh are now in the semi-plant development stage. Little of 


this easein fiber research has been of fundamental nature; consequently 
mich Laboratory investigation is necessary to put this development on 
a sound scientific basis, Casein sheets for wrappings were made com 


mercially for a short time several years ago. Since production was 





ee 


discontinued, further research has been done and it is claimed that 
commercial production il an — casein sheet is imminent. Here 


again fundanental research has ‘lagged behind development. 
| ‘Very 1 Little information is available on recent accomplishment 
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WEE TASS: eo Lise aha 
in research on rennet casein or on the casein ‘plastics made therefron. 
the development 0 of molded plastics fron soybean protein “Sndteates one 


seis , 
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airgetion ‘researes 4 in this field ateht take. Some derivatives of 
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casein pare been prepared, but ‘with the exneption of chlorinated 
casein ‘and, a fen ‘medicinally used compounds ‘ no uses “of such deriva~ 
tives have appeared. of ‘the anino-acids to be ‘darived ‘fen casein, 


| ‘ 


only glutanie ae so for found comercial use} possible therepeutie 


and nutritional uses of others hace had some © attention, ‘but so far 


nes 


without amoh | success. , 
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é Tactoser “the Sundanental organic end physical ‘chemistry of 
lactose has vom wale o ne i investignted.. “Its oxidation and 


vefeniten $ products have htosmay aaantstien » its structure and its piys- 
Es 
teal forns are yell understood, and moat of its phyetond constants 


rea) %, ae 


have ieee determined. “Additional work, “9 however, renains to be done 


pe ag TE; AY a yt hie diy 


before a | complete understanding of its properties | ‘ean be obtained. 
hae . a £8 out eer’ panee 

Besides the some process for aking ‘Lactose, 2 ‘there. are available 
Oe Aa ee i, Siew 

several newer processes which ‘offer definite advantages 4 lower. ‘cost. 
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In two of these, the lactose ts a | byproduct ef a deity operations 
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lactose akin milk md for ritefinvin concentrates: to a prea ‘degree 
than that for lactose. 
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The lactic acid fermentation of lactose has been developed 
to commereial production. Cheapness of wiey and rapidity of fer- 
mentation make this conversion of lactose economically possible. 
In other fermentations, such as that yielding citric acid, other 
sourees of carbohydrate have been shown to have advantaces over 


whey. The propionic fermentation of whey has been shown to be a 


possible, but uneconomical method of lactose utilization. Greater 


utilization of lactic acid as a means of creater utilization of 
lactose has had attention only recently. Present uses are in acid 
beverages, in the tanning industry, and in phenol-aldehyde resins. 
Of the derivatives of lactose, only lactose nitrate has been shown 
te have possibility of commercial use. Its characteristics as an 
explosive have been determined, but it has not been developed com 
mercially. 

Other components: The nutritional value of the riboflavin 
ee whey proteins of milk has been investigated. A method of 
preparing a highly concentrated riboflavin from whey has been 
devised and the product is being marketed. Research for produc- 


ing low ash, undenatured whey protein has met with little success 


in the past, but current research is more encouraging. 


Research now in progress on milk by-products, including fundamen- 


Poems 


tal studies on proteins, is summarized below. Very little fundamental 
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_ What. is being dene is of the general 
. Studies on Staveh, Starch 





_daestese from milk by-products, A 





method is being stood by wich St Le possible to extinct concen. 





with eleohol and obtain lactose in pure 


_fora.and,a vitaminerich residue remin, This method ie still in the 


laboratery Stage» de rd vata ves « 
ot pel iey Studies, of: methods of.obtaining laetie acid from vhey by . 


. Dehydration of lactic acid esters to form S dias esters 


paration of tue, important acrylic acid type plastics. 
_ 33+ Staxiies of the utilisation of various lactic acid deriva- 
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7 See Lrtien. cause reniee. nathods as related to the 
arate of casein and utility of the commercial praiut, whether it 
of paper, the preparation of glucsy, plastiesy.paints, 
fibers, or other industrial materials, Research, ig being conducted 
? r of casein from buttermilk and the use of casein from 
tate, course. in. paints. ae.compared with espein- derived: from-slcim milk. 
nae ae: with the object of deereasing 
y factors which reduce their ubility. 
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he “Agricultural research. (4) Seattered studies on the 


protein and ainino acid, content of - different varieties of ‘wheat and 
‘corn, Significant aifferences are being found. (2) A broad program 
on the d determination of the amount or age present in different | 
varieties of soybeans grow under varying soil, climtic, and = 


conditions. 


45. “Teclation, £ fractionation, and purification. (1) Inproved 
nethods of preparing the whole protein from cow and goat milk, com, 
soybeans, solvent-extracted cottonseed neal, eee zs tes, by 2 means 
of solvents such as water, 70 seul alcohol, and various aalt 
solutions or elie Sy phe gomage —o such as acids. These studies are 


of both fundamental and practical significance and have as their aim 


bos extraction ‘from the source material wd the maximum amount of its ‘ 
“protein content. (2) Solvent studies : are in progress for the isolation 
ve specific proteins. A trenendous anount of work is ae carried 
out on the preparation of ensymes such as papain, Lipase, catalase, 


peroxidase, carbohydrases, and by ae from agricultural c onsodities. 


Proteins of less direct physiological interest wish as Lactoglobulin 


bd! milk, and _eluteLins fron cereals, s are receiving auch less attention. 


(8) the use of | the ultracentrifuge for the extraction of patholocical 
pres and enzymes from aninal and plant Juices. (4) Solvent, eltra- 
‘centrifugal, u ultrafiltration, clectrodialytic, and absorption methods 
‘for t bn fractionation and purification of enzymes, ‘hormones, viruses, 


and toxins. The progress nade in recent years a these fields is 


paxbinciar ly atribing. Purification ‘of the ihund's, Jectoptabelin: 
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and casein fractions from milk is being studied intensively. Casein 
is practically the only protein of, the comon ones present in agri— 
cultural commodities being attacked by such newly introduced tools as 
the whtmesentrifuges,..Conparatiyely mci, less work is, being performed 
on the fractionation and purification of the proteins occurring in | | 
the cereal grains, legumes, oil seeds, etc, Fractionation studies ss 
are in progress on the preparation in the pure state of the glutelins | 
of the cereals, wheat, oats, corn, rye, and sorghum, and the globulins 
of beans. The homogeneity of zein from corn is under investigation, ~ 
Few of the common proteins have been isolated in the pure crystalline 
44. Classification and identification. The system commonly 
cupneged. don esanai fing proteins, i9.4.purely arbitrary one based on 
sakes and wrecip? ablitivn . Aatnoueh the Almtations, of the system 
which had its origin in 1908 are recognized, relatively little research 
is being performed with the. object of providing a clear understanding 
and differentiation of the various proteins. Revised or new methods 
for identifying proteins are receiving practically no attention. | | 
oo) ABs» Analytical, (1) Methods for determining the groups in 
proteins uch.as gasometric detersination of amino and carboxyl groups, 
formol. titration, determination of surface groups by oxidation, reduc- 
thenaend epnmig eptigntion af apide gxqups are under active inveati~ 
gation. . (2). Improved and novel colorimetric, gravimetric, and engymic 
methogs) fox estimating.amine. acids, particularly the nutriti onally | 
easential. and basic, ones,.are being studied, Polarographic studies 


'@%) 





‘on the estimation of cystine in proteins are in progress. (3) Re- 


“searches are being intensively pursued on the elementary composition 


and distribution of nitrogen in various proteins, on the estimation 
of various essential amino acids in staple foods, on the determination 
of amino acids and prosthetic groups in pure protein fractions, hormones, 
enzymes, and viruses, and on the determination of the basic and acidic 
amino acids of a number of important proteins. — 

9 46. Physicochemical. (1) Research on the development of 


new-tools to.be appliied in the solution of protein problems is being 


conducted. (a) I-ray diffraction studies of crystalline proteins, 
leather, fibers, etc., are being made in order to secure structural 
informations (b). crystallographic data on crystalline proteins are 


being secured for identification purposes; (c) the ultracentrifuge, 


ultrafiltration, and electrodialysis are receiving broad application in 


the purification of enzymes and viruses and in the determination of 


their molecular weight. Parallel studies on casein are also under 


way; (d) optical rotatory, spectroscopic, polarographic, and magnetic 


moment measurements of a number of proteins are being made for analyti- 
cal and structural reasons; (e) the colloidal properties and such 


physicochemical properties as solubilities, rates of diffusion and 


sedimentation, and oxidation-reduction potentials are receiving at- 
tention. The major portion of this kind of work is being conducted 


- on enzymes and pathological proteins. (2) Studies of monomolecular 


and polymolecular protein films on water are yielding information 
on the shape of the molecule, on the active parts of enzymes, and on 
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Mate xeeesmnietacenamament “This work is being very 
patent th miatonatdil ae potion She can tition Gs pheteiiate, 
Re Amine acids. (1) Studies of the acidic, baste; and 
‘enaynle hydrolysia of a larre: -proteina or polypeptides to 
of antino seice in proteing are Delne obtaineds (2) Studies of methods 
‘for ‘separation of amine delds or thelY derivatives. Woleevlar dis- 
fon, different solubility of salts, 1 8, ete., are 
nt methods of Gttack, Older methotis for separating amino acids 
are bese refined. id ooies on the chentent and paystest ‘properties 
 . he Pollypestidss. (1) Craded acidie, vaste, and ensynice hydroly- 
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tides and studios of. thely chemical “Pure polypep= 


wha ectienpe kn the staple fooda er! teadgs Sugh investd caters 


ie . Pore ‘m the polymerisation of 





Oxidwtlow’ = Meddetion of engymes. Controlled acetylation and diazoti~ 


sation of the surface of proteins is being effected in connection with 
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he 624 
antigenio studies.» Studies el tandy outLined-in weotiona 45, 46, and 
47 are being employed to determine the constitution of proteins. 
ios o Sle Dentturations (1) Since. denaturation usually converts 
protein toa less desired insoluble and active condition most of the 
work in this field te of indirect character, and deals with studics 
in wich denaturation is svelded rather than investigated. The nature 
storage are receiving attentions (2) Theoretical studies on the - 

S2. Prosthetic groups. Scattered work on the prosthetic groups 
present. in some oroteinas Stvdies are being conducted on the conposi- 
tion of nucleic acid present in tobacco mosaic virus. Naemin and the 
some abtention, mainly from the spectroscopic viewsoint. 

53. Nutrition. A tremendous amount of work is being carried 
are ligted under the separate farm commodites. 





-\)s The following suggestions have been received for studies on 
products as articles of comserce and on other main ohases of research — 
on-dalny pndealts could bs elfeinated oe cowtrared | 
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ORL Chemieal investigations to detarcine the ultimate eoaptei= 
tion Of some of the elyeeridess what the minor constituents ares the 
nleium ion concentration in milky the relations mintaining the 
stability of ‘the solutions and suepens: 
2. Raeterfal studies such a# the relation of bacterial growth 
to oxidation-reduction poteptiales antibiotic and sym>iotie relations 
Of bacteria; bactericidal properties of milk and their relation to 
the grower: ‘goetial ealtures tn milky 9 0 me 
3, Webritional studice of milk fat which have for their pure 
pose a comparigon between the nutritive value of milk fat and other 
fatsy also the determination 6f whether milk fat has « sparing action 


oe ee 















-Witanin requirements or a special nutritive value in com 
bination with food essentials which are not possessed by other fate. 






flavore and bacterial growth. Tt may be possible to « 
of the —— wee @istribetion bo tase asenealaenacateess 





vation of mille by hich-preseure fields arid sonle vibrations has been 
mili Site ebeked aver)" 4h required to’ kill @ very few highly resistant — 
nese could be eliminated or destroyed in commercial operas 
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The preblem.of simplification of the detribution ef city milk 
i ae cost. to. the consumer involves.a muber oi subsidiary 








a, Oa Oxddation.studies. of milk constituents. and their relation. 
fs teadtienee anit atte anaabaa thi milk powder, and cream. 
Any proeessing of milk is likely to introduce off flavors by catalys~ 
yes of ration, tes, on the quality of butter have been suggested. 

3 on. pabeeus on how to make butter 
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Cheaeee ~ 35 G24 
ohio “By Cheddar cheese studies, such as, (1) development of a — 
the quality of the milk and the mamfaeturing technique to secure — 
@°untforsly cood roduct; (2) the effect of oasteurization on milk 
With the object of making cheese wich will develop a norzal flavor 
within @ reasonable time; (3) development of a method of making 
to high temeraturesy (4) perfection of the method of ripening 
theese in valve-verted cans so that it will be adapted to all classes 
1. 32. Swise cheese studies, including (1) the determination of 
the optimum conditions for crowing starter cultures, the organisms 
} their ability to crow ani to produce desired 
effects 4n the cheesey (2) the combination of strains which work to- 
gether to give the required flavor and elasticity of the curd. 
and enone swan factors concerned in the ne 

14. Stuiiies on crean, butter, butterfat, and other products — 
to miintain a more uniform supply. ~ 
ie crear mie of Seeeows eu meee Ger i di stag See cin 

’ Suggested research has been dageified as follows: | 

15. The physies of freezing and hardening of ice eream. (1) 
Investigations with special reference to the use of the newer types of 
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effect'of each ingredient on the properties of the commercial product. 
16, | products in. ice crean, such 
aS lewelactose sweetened condensed skim milk and soluble whey proteins. 








27, Food atudies which have been suggested ares, (1) The 
determination of why a relatively large amount. of dry skin milk.can 
be suecesefully incorporated in bread.in some instances but not in 
(2) the ingorporation of dry sicim milk, dry whey, and the 
principal conetitvents ef these solids in canned vegetables, canned 
and dried soups, confectionery, and fruit desserts; (3) extension of 


old and development of new food uses. feet G7 Bred ae St sPietal 
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o0° ‘oo fhe follewing problems have been suggested: .. ..... = 
ol Lee Investigations of new methods of.separating the constitu- 
ents of skim milky whey, and buttermilks (1) To improve methods for - 
facturing caseing (3) to determine the standards of purity and quality 
of each by-product based on the application to.which 1% is:puby 

~ 18s lactose investigations suabass (1) Extension of research 
in progress on the production of lactic acid, its esters, salts, otc.s 
© devetoroet of new uses for’ Martone we Ate derivatives, .- 
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vee, and — inthe section on forms 9 














8, — ‘growing conditions; mturity; nutrition, disease, 
ion, cohen on the kinia and relative amount of 

rutin; copes — and-in the animal body, incinding 

and ite ap: 



















hods 26 preparation of hond 
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the amino, acide contained in themy (2) determination of the amoumts 
of the yarious.amino acids in proteins occurring. in agricultural... : 





iy RFs) Physicochemical ..(1)- Application of ultracentrifugalina- 
tion, ultrafiltration, estaphoresis, electrodialysis, and diffusion _ 
nethods for: fractionation and purifieation of 
determination of their molecular sises orystailogr 






absorption methods for identifying: proteine,and securing information 
on their compositionss (2) investigation of properties of momonolecular 
function ofproteins. (enaywes); (3) securing of exact data on the 
polar and, colloidal properties, solubility, surface tension, viscosity, 


and plant proteins, polypeptides, and amino acids. 

A). Complete and stepwise. acidic, basic, and ensynie hydrolysis 
of proteins for preparation of amino acids, and of polypeptides having 
various mean molecular weights, (2) Separation of amino acids or 
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ptides, by physical and chemical 
ns of separatiny noditted 
tention. (3) Syrithesin 
: . et aie oe Ae Cp an es a I 4 
Ripe icles ides, : 









COL 9A -Pelywerteation. Developsent of methods for polymerizing 
proteins, polypeptides or amino acids to fibrous or nonfibrous: 
materials. 

30. Constitution. (1) Controlled acetylation, methylation, 
diazotization, halogenation, oxidation, reduction, cte., of the normal 
protein molecules, including ensywes and monomolecular films; (2) sub-. 
sequent appropriate modification to determine the number and kind of 
active —" present on the periphery of the molecules (3) investiga~ 
tion of varlous degradative and synthetic reactions and the utilisation 
of this information in determining the number and the arrangenent of 
the amino acids in the molecules (4) employment of physicochemical’ 
methods (see 27) and modern concepts in the elucidation of the spatial 

figuration and structure of proteins and the rature of the primary 





Zl» Denaturation. (1) Fffect of heat, light, solvents, acids, 


and bases on the orimry and secondary valence forces in proteine and 


relation of dehyd: 





ation to denaturation of proteins; (2) determination 
of active groups on surfaces and configuration of denatured molecules; 
(3) development of methods for reverting denatured proteins. 
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32... Prosthetic. groups. Investigation of proteins (lacto-. 
globulin, egg white proteins, etc.) containing prosthetic groups, 
such as carbohydrates, nucleic acid, adenosine phosphate, and haemin, 


oto determine the nature of the prosthetic group and type of binding 


with proteins. 
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oT ew 
0. Phe poultry industry of the United States/is a widely distributed 


and @iversiftedaetivity, poultry. products being more generally produced 


tha ahy Other asricultural product. It is also one of’ the most: impor+ 





tant of the aericultura! aetivities of the country providing protein. 
types of Péod. “In’dollar value of prodvetion it “is second: only to’ the 
meat art dain industries.- The preduets of the industry are used almost 


exclusively a8 human food. Te a Limited extent by-products°also are” 


used Ws fO0ds; but at present many of the by-products incidental to the 
preparation of foods are still merely wastes, or even have. serious mui- 
dance Ghabacteristiesy ) ro. Shay i . 

ove Omeldinds of poul 
supply of this country inelude chickeris, turkeys, geese, ducks, suinea 


contributing chiefly to the poultry-meat — 





fowls, ‘and’ pipéons, of importance in the order named, Because of the | 


relatively greater number raised annually in the United States, clickens 


provide by far the larrest part of the poultry meat and egrys consumed, 
It isin this field that significant surpluses and by -eeninc ts are ifound. 
Wiis HG! a Rivihig ta tio bho -woniti ed abatly Reuehitekens.iaRE thik: egzs, 
any ‘program of Pésearch’ déveloped around these two commodities would 


find ‘intrediate application to any of the ‘other classes of poultry.and:their 


prodii¢ts aiid by-products y >) /oxbor up 0 elo. 
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. 0 Foy many years ‘the farm poultry industry of tis country centered 
in and around. the Corn Belt, the region of 'cheap feed. In more recent 
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yeorsy however, there has been a marked tendency to expand poultry pro~ 


duet in ppgetapiaed commercial areas, notably the Atlanti¢ area ad~ 


i tees 


jacent/ te Patadedoita, » New York , and Boston; the region surrounding 
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ape stole Fe sch from about 
ets in/September up to,al gut, B6-4in Tamuary. | | Farm flocks 
lived. foitouing.-iie droughts of 1954 and saad but are 
acai on the increase." ee ee refer to general farm production 


and db not inte commercial flecks, This specialized activity pro~ 


im. 
to 


duces probably about 200,000 birds per season. [3 
3 4 
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ward .fhe-1980) census«showed, four: principel areas, of turkey. production 


in vthe United. States. Texas was by far the leading producer, with near- 
ly 4 million turkeys at that time. The seconc center of production was 
the Hed River Valley of. liorth Dakota, and.itinnesota, these. iwo States 
having nearly 1-1/2 mildien each. -The Pacific Coast.was an important - 
production region, California having about. 1-1/4 million birds.» The _ 
fourth center of production was. the Virginia-laryland area, with well 
toward ia million birdse oss 5 of Sos year. Sate £4 i@Y in Dece 

~~ os Recent unpublished estimates indicate that since, 1030. the number 
of turkeys inthe country has increased by about half. There have been 
important increases in:the Northeast and in ‘the central States of the 
Corn Belt. Heavy increases have occurred in Iowa, Missouri, and east~ 
ward to Ohio, © The ‘tendency has’ been toward some decrease in Texas and _ 
North Daketa, while the Pacific Coast has added to its turkey population. 

> pristdmattes based upon ‘prices aml weights.of wecent.years. indicate 
that turkeys: in the United States have-a farm value well.in excess of 
$50j000, 000, home), and’ 1-8/4 biL2: : | 

The mid-liovembervaverage price received: by turkey raisers through- 

out the country*has ranged froma high of 51. cents a pound in 1928 .dowm 
to-a low ofvabeut 12 cents in 1983. In recent years the Novenber price 
has been about 15 to 20 cents a pound, live weights. .. . 
- ono JAsetocthe yeurrent: turkey situation, it was estimated that the.nun- 
berien hand Septembér1)11988;\was about 4 percent largerthan.in-1937. 
Producers’ this Re A. nt bythe: Lower prices, of poults and 


of feed, a favorable growing season, and a comparatively small carry-over 
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lee phate chickens in cold storage. The increasing tendency te 
sumption of turkeys also is favoring expansion | in 
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‘The Midwest is the most important source of eggs for east— 
ern markets, but the East has been supplying = increasing propor- 
tion hating Ge lavt 5 youres” Thess has been & tendency ‘for 
receipts from the Midwest and far West to decline. "Over a 10-year 
period, the proportion of eastern receipts in these markets has 
risen from 13 to 23 percent. The percentage from the far West, 
on the other hand, has dropped from 13 to ll percent... The rise 
of the eastern poultry industry is one of the outstanding tenden- 
cies in the situation. Bb | 

| ' GOLD STORAGE STOC 

‘The ‘beat clue to ae may he called the seasonal surplus tn 
poultry yreners is to be found in cold~storaze stocks, Stocks of 
eggs dn cold storage are accumulated daPinig the months of heavy 
orden’ en, “including Yareh, April, May,and June. They are usually 
at their peak about ieigent 1. Storage stocks are moved into con- 
sumption igen the fall and winter, when production is low. 

“FROZEN EGGS 

Since pe ‘1916 frozen eges have been 2 malcing wp a more and 
more tapertaat proportion of the supply ¢ of ezges in sherae ‘ This 
prstoves more than a third of such eggs were frozen-storage holdings 
equi vakant to 6 ,407,000- cases of shell eggs and 3,367,000 cases of 
broken-out frosen an. It may fan renarked that  cold-storage haide 
ings at present are tha Ughtest since 1916. 3 
: A representative picture of storage holdings of eges will 
“he conveyed sil table OA. sey which shell and frozen eggs are con- 


bined. frozen eggs oan ee converted to a shell-egg equivalent. 
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. me In adgition t to P8ES 8 substantial amount , of dressed pone is. 
pela in cold storages These. stocks: increase during the heavy warketing 
aqnncn in the fall and early winter, mauaely reaching their seasonal 
sins sonetime in Samuarye The outward | movement of stocks takes place 
fed lag Jamary and September, AQ, that. the. quantity in storage ordinari- 
| “Talking whe storage figures as of February, dy. which _is, about the 
peak, the total, stocks of frozen. poultry, an storage in recent, years ., 
have ranged fron about 100 million to,178, million. pounds. Storage, hold 
i ge poultry, on, February, 2s, 1959, anounted to 116, miLLion pounda,..2 





AS. to the 2 present status of 7s ese, the: Lndustry,is 


just staging 2 a recovery. following Me. depletion ef flocks during the bad 





drought years, JO84 apd JPERe nat RRP MoT CRAP BDLS. he Sepech. that.een- 
siderable fapgnetn will take place in poultry flocks during the next 


year or two. It must be noted, however, that the increasing efficiency 
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of egg production per bird makes it possible ito increase the numbers 


with relatively fewer hens, which: will tend to create .a surplus. 


ures, The intensive poultry development on the.Pacifie Goast has been 


necting severe ¢oupetition from-other’arcas nearer the castern markets 
in recent'yearss® During the last 10 years, the number of layers inthe 
Highly éémmercialized arene of the far West badikboen a decline of 17 _ 
percent as-compared with only a &=percent decline in the similar com oe 
mercialized section of the orth Atlantic States. The low level.of egg 
prices! in-recent years has made it ,diffieult for western eggs to bear 
the cost»of Ertnapodtation toleastern cities. Also the. great, improve- 
ment. in quality of eggs in eastern regions has been a factor in the... . 
situation,» | 


~?ofhe most significant recent trend in'the poultry industry hase ‘> 


_ been toward large-scale commercial egs-production... This development... 


has* been’ especially marked in the!North Atlanti¢.States. Comercial 


producers usually specialize in the production of eggs during the pe- 


_ wiods of normal scarcity. Apparentlp this: trend: is: likely to continue, 


The number of eggs Maid: per hen Has been steadily increasing 
since the first» census figures were; obtained me 1880. This trend has 
been associated especially with the development’ of the large comner~ 
cial flocks, reports indicating that. the Jatter preduce sbout 19 per- 
vent more @ggs per: layer ‘than the average farm flocks... Virtually all 
this ineroase of production per layer in large flocks cones during, the 


fall and winter months, thus helping te iron out the, seasonal, gluts. . 


~~ 
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a al 4 + about 8 aiden pounds, wie = turkeys 
wane Rip « i 


a) wi ‘packed nk tere than doubled, with a: ‘steady increase from 
Wi ra Ag i 
vr ts atin poulds in 129 Pe 7305 mien penne | in 1937 ‘(table a3) ) 
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In addition te pec Ss supply of acing cess. » pproxi- 
: : A ar i) Lien 3 ee co > (278 sition amen) are ‘broken out and fr Beny 


ee z x oe 





Es l + nik, dae ere, It is possible to obtain 
dried 4 °c8 » oried ioe yolk, and dried egg albumen. sat the: ae: gee 
time mest of the dried ese products are saportede 2 
; Quick-frosen poultry, | a comparatively new iten, has aiready’ 
reacied 2 a total ama of more than ~ million pounds. 
Be ad _ POULTRY SI-pRonueTs | 
* ie . & ipoultaly wrabont are of taro types the slauchter-nowse waste 
fran eh storses, pamely and quic] ~frosen tomy and the incubator ; 
reste te fan carmercial Hpipherpabe In bs fal}-angen fo poultry, tiers is an ae 
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che waste from the 12,000 or more hatcheries, wiich have a total 
capacity of $28,000,000 egzs at one time, amounts to at least 25 percent 
of a 


embryos. ‘This represents’a waste of at least 15,000,000 pounds annual- 


VAS 


eges set, or’a total of 10,000,000 dozen infertile eges and dead 


‘Wy in the hatenery industry. In addition, at the hatcheries specializ- 





ing in day-old chicks for laying flocks, thousands of baby cockerels 


nasil 





Age ie) Oe hath’ se oe Fh Sony. 2 Py DS ee 
wild be noted thet aki re ama Sere ee ta RESEARCH 
Plow. drt er wee ge 


7" Ttnough “of great economle importance, powltry-killing by-pro- 
Sects wna ts oe 80 Little Understood that most of the research out- 
‘lined will for some time necessarily be of an exploratory or prelimina- 
ry nature. Research now in progress, with food as an objective, may be 
adaptable to non-food industrialization of these materials , but most of 
‘the projects “now under ‘way in research laboratories as well as those 
Which lave béen ‘sugeésted to the Departuent do not cive promise of thme~ 
‘iste resuite on a developmental basis. This, in part, aceéumits for the 
eat Ga outta and eee are not one of the commodity groups desig- 
nated for initial attention at the Regional Laboratories, but much of 


Cbhat oot Mead spate: pour Sige ot pe yh iS Side tet eta 
the fundamental work of these institutions will have a direct applica- 


Lar Cees : 
tion to materials which may be recoverable from these sources, Thus a 


Bin Ste at Lee tite wae ea es aes, hos ire hs een FE gatas 
basis will be aid ‘for a service to these commodities as well as to 


camel fat 


Ss ees yj £3 ath ee i “t Wie i in “i bss § a ays ered at =2.2% es % cs ‘ j ? ae ila 
others réceiving primary attention. Fundamental work done on proteins 


CAS be Bs ey STs 


COPN Ge Chon ar treba tints tei ie lee inet ged Hee ON Te 
of other agricultural ‘products will find a ready application to similar 


Precw ere wL 


ot ae aS AGE. Bass snrtit ss 
studies on the proteins of egrs. 
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Poultry ‘research how veirig done by both Federal and State asen- 
eles deals largely with breeding of birds for better meat or ege—lay~ © 
ing characteristics, disease control, and the nutrition problems in- 
volved in poultry feeding. Poa lesser degree research by official 
arencies deals with the characteristics of the dressed birds as food 
or with the preservation of poultry in storage neeenthy quick freez- 
ing of poultry has been an. important ‘subject of investigation. It 
willbe noted that all of thesé projects have to do with food uses. 
«lo Phe only research @iselosed by the Survey on “nonfood uses’ of 
poultry or povltry products: other than eggs relates to use of the 
materials now larcely wasted during poultry slaughter, dressing, freez- 
ing, or storage. Many of the problems involvéd:here relate to such ac-” 
tivities as°are found also in’conmection with meat packing, milling, 
or the processing of ether acricultural materials, As in the other in- 
dustrieés, enetpesenat ‘wajor ‘nonfood objective of most investigations ~ 
has been the preparation of animal feeding steffs, “The fact that the 
raw material is already larzely’concentrated at central dressing plants 
would appear to be°an important economic advaritage for these develop— 
ned. of the fo 

Othér Ynonfood research work in progress has the following obs 
jectivesr® 9° Tire 


Ll. The utilization of packing-hovse trimaings such as legs, vis- 





coral fat, and Heads. Most of this researeh has been limited to a de- 
termination ‘of ‘constitiients that might be recovered and utilised, nt 
 “RyThe recovery ‘of ‘gelatin’ fron waste leg tiséué, with the 


object.of making prodicts suitable for surgical and othér special uses, 





‘qd hogdlostb doxsozgz 
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3. Thé manufacture of food for pet dogs and cate from killins- 
plant offal. This has been attempted, but successful commercialization 
nds Degerikilttedges ar ob | 
0S &. The recovery of therapeutic. products from the endocrine | 
glands of ‘chicken heads. Much further work is needed on this project. 
lo §)the Wanufacture of products from feathers. The available — 3 
supply of approximately 20,000 tons of feathers annually indicates the 
economic advantage of further investigations, The making of insulating “ 
materials and special. comoounds, such as cystine or other sulphydryl 
compounds, is’ a possibility.” 
EGGS AND BGG PRODUCTS 
“Eggs are used almost ex¢lusively as food, Relatively little fon- 
damental research has been done on eges themselves; most such investiga~ 
tions relate to the production of larger mmbers or better quality of - 
eggs as a part of poultry-breeding and poultry-feeding studies. : Most of 
the work that has been done on the eges themselves-relates to determina- 
tion of” qbtihte or to the treatment of egrs to retard quality deteriora— 
tion while in storage. These and other present researches are princi+« 
pally of the following types: 
1. ‘Treatment of shell eses with oi1, other chemicals, or cases 
to improve their storage life. — | 
"2. earch for improved methods of brealcing, freezing, and drying 
whole eges:or yolks ahd whites separately, 9 i | 
“BS Use of low-prade eg,s- rots arid ineubator rejects- in the tan- 
ning industry, Such Limited use as is made of ezes in this way is on an 
empiric basis rather than as a result of careful research, 
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ud Be The Sevelopment . of ; methods and equipment for judging the. in- 
berteryg quality. of shell eggs. and correlating euch gocervaticna with 
other Physical measurements, eek a8 Belge of the yoUky ares. of firm 
whites mee pize of. ‘the. air cell. «Mesh. research has been cone. on this. | 
Keke | 9. Inprovenent. of heed pi ae for freesing iguid egg naterials, 
nas conssagsation bas pean ahr te Rane." particularly with respect _ 
to biological control, which, is. an exceedingly important factor in ‘i 
the handling of such perishable sitentile Quick freezing at Low tem 
peratures following sere of the Uiquid mpcerses. has been. ce 
Liguid CfE. is fronen as whole ge or is, 5 separated and frozen as albu 


men and yolks The frozen whole 288. and the frozen yolk pot, ‘find a 


ready pay ph. AR, ne baling, confectionery, Bh mayonnaise industri 1e8y 


and. the Production of these commpdi ties. can . be. fpiriy well gauged. to a= 


voida burdensome. surplus. , This. is pot. true. of the frozen (eas albunen. 


Albumen, does find (Uses, many of then : nonfood, where neither of ad 


other products. could be Ugeay but ihe, Fadi pemint, so used is on heal 


yey small, There . is a large surplus of franen albunen in 2 storage, 


Appr oa metaly 500,000 pounds, Pare: ; 


10. Utilization of SEE. shells. The breaking of auch a Renee eus 


Loe op 


Humber of anes eges | ieaves the nanufacturer of, frozen. or aried egg F ma 


tor iada with thousands of pounds of ese shelis, of. which Little 1 use Be 


a athe Toa Limited extent these are euployed | as. ,eonatdtuents of 


chicken feeds or fertilizers. 


ae 
Doe ealnmnna gee a2 trie noes 


ll. Production of dried ox z praiucts. of po and color. 


. This oqeiey, mses. consiserabia quantities of dyied, BE Poth gt Meo od 
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ag dried Albumen oF dried “yolk, with a limitéd anount of dried whole 
ee, Some work has been attempted “in this fiela » but here again the en- 


shasis “Has been on food Utilization rather than the development of other 


idustPial tses. “Because of Certain food-repgulatory Measures, manv~ 





new ; 


| Pacturées have stuatea manufktturing methods with an eyé to producing 


sniform quality “in dried egg "products. “Uniformity in Color dnd also ‘in 

moisture and fat content of dried yolk or of dried whole egg are impor- 

devine avggestions w eto have most practi pond “@ 02) 
ee 





egg white preparatory to drying. Several patents 
have beén granted for methods of ‘thinning wenteker ege white prior to” 
drying.” Sdéme of these have been mechanical, while others are based on 
the controlled use of certain acids. ‘In one such method, which has been 
developed for free public use, the protein-splitting enzyme trypsin is 
added to the thick egs white, Without the addition ‘of ‘sume such agent” 
the’ time ‘Fequired for thé thinning is ‘from 5 to 7 days,’and considerable 
foam collects » Which in many cases is not recovered and represents a 
loss. When a thinning agent sith as trypsin is emloyed, ‘the time re- 
quired is teduced to about 40 hours, Little or no foah ie formed, and 
the dried product is of 2 ‘good uniform quality. 


13) Whirinttig foan ‘ort rerméited opp wittel Miother applidattor or’ 





enzyme activity had been developed ‘on a pilot-plant scale. This is the” 


usé of pepsin for thinning the great quantities of foam from vats of fer- 





mented dite Wit and for drying the thinned prdéduct for technical uses. 
' feathers for, spinning oud waggeieieren mgseanct 
Gres8 Uigaat Achaea thaly iave DEN Wadi: to Whe Depa Wiiaing 


further needed research on poultry and products of the poultry industry 
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other than,eges, but the vast majority of sueh recomendations still... 
deal with questions of food supply... Even those that have great promise 
of benefiting the industry in the field of freezing, other preservation, 
and preservation of quality.in storage, are.of this class, ..So little 
work has been done on any,..nonfeod use, ather.than feed as to make ex~ 
ploratoyy work.of the most. preliminary nature .a.necessary first stage. 
for practically all other kinds of investigations, ‘hose of the fol- 
lowing suggestions which appear to have nost. practical promise are all _ 
of. this. .exploratory, character... plex * 
The major suggestions which have been mde to the Department on_ 
le Most important of the exploratory investizations will be the 
determination of the major constituents of present poultry wastes in. 
order to determine by the most modern physical and chemical methods what 
quantities of possibly bt constituents are available for new manu-- 
facturing. . lem wan be for . ccucté, @& mor 3 
=e Biochemical investigations on Sead and fade, might well. 
yield valuable. biologic sprinciples, which would, find new. application in 
the field of applied medicines | ” “ew research methods an 
_.@¢ Feathers are rich. An. sulphydryl compounds, and.offer a possible 
souree of these compounds for use as raw materials, These compounds are 
used in the prevention of darkening of cut fruit and medicinally. — _ 
50h. Ae ‘There is also the possibility of recovering the small fibrils 





of feathers for spin naa weaving. _ 


~o 


sceening. pte offer a ipl am source..of protein-rich, Compounds. — 
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6. The hatchery waste of baby cockerels mst be given considera- 
ue ® Sa neva sil Boubireske: Sate RCRA Ga Race Coe, ye Aah eee? pe Sb oe f fw ted : ) y AS A Meth 


‘Aen Resareny, RA Preteinn, wm Piokseiae from the thousands of day-old 
sqokergia nom killed and throws away may possibly reveal 9 nich source 


of, sex hormones, which ight find use in the field of medicine, 


. BaGS AND BGG PRODUCTS _ 


_ Eggs. consist. essentially of three component parts: The. albunen 


or egg white, approximately 60 percent of the egg; the yolk, Approximate 


ly 50 percent; and the egg shell, which together with its membranes con- 


stitutes approximately 10 percent. | Nature, intenced these complex bio- 


iene 


chemical, systems to de the meang of propagating the species. rather than 
as food. When considered as sources of raw materials for industrial 


aN tthe ther eh es Sich her malertah Sen. Moe recovery and sepe- 


ration of biologics, for, which they may prove to be more valuable than 


for food... 


1. Before plans for more scientific processing and more varied in- 


dustrial utilization can be formulated for ecg products, a more intimate 
Imowledze of the cosposition of eugs is essential. Si ct he A a 
haustive studies of an analytical nature must be made as a basic scien- 
tific study, useing the best skill and most modern research methods and 
equipment available. Such research, is necded to complete our reese. 


knowledge of basic composition. It will probably reveal the presence of 


many COMPIMRCE TP OPM RLS SAvUEE AoE PLC ie lh ther epeciat industrial 





LP pape 


_ Re Ege yolk, because of its great diversity y in composition, not 


_ duplicated elsewhere in nature, should be a valuable raw material rich 


in research possibilities, such as the recovery of lecitho-proteins. 
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..B.-The Lipoidal or: fat constituents. of egg yolk are very complex 
in nature and should be made the subject.of scrutinizing research on 
tneir physical, and. chemical. properties. Because of the little-lnom. 





chemical nature of egg yolks, they present aa interesting aad possibly 
tertile field for preperation of such substances as the sex hormones, 
sromthestimlating factors, ad also, game,of the vitaminlikephospho- 
rig acid compounds...Uses for such substances have barely been touched 


2) dy 


fe The oxidizing-vreducing ene 


UpMe 2 wodwet bonteol needs Attention if uniform qesiitiee are: 
me. known to.be present in egg 





yolks needs iurther fundamental research on the mechanics of its action. 

Until this information is available, color in eitaer frozen or dried 

egg yolk will be hard to stabilize, and this lack of control may very 
eadily be a serious obstacle to industrial use of the products. 





.osueiSe The sugar content of the wiites should be investigated. It 
in itself is os no particular values but because of its apparent pecu- 
liar linkage to the protein, research on this biochemical structure 
would be of great value in gaining an understanding of the nature of 
6 that take place during extended storage. The results should be 
applicable. to the approximately 500,000 pounds of frozen egg white that 
as an annual surplus is available for either industrial or food utili-. 
Zable he well iae-the mineral conttituente of the cee shelle. 

nx; Are, iM ov the physical and cnemical changes taking place . 
on the freezing and crying ofeggs . is necessary for improvement in 
metaods of storage and quality production ana needs collaborative re- 
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7. Biochemical investigations to follow changes during storage 
are needed in order to maintain intelligent control of quality. 

8. Biological control of processing is exceedingly important; 
this phase ofthe industry is sadly lacking in fundaiiental knowledge. 
Comparatively little basic information is available relative to the 
effects wandiehy processing methods have on the Ccnibonionst parts of egg | 
protein or the yolk constituents. This kmowledse is necessary for the 
production of uniforn productss | 

9. Process control sieintts attention if uniform cualities are to 
be maintained. Such a study will demand the attention of chemists, 
physicists, and engineers; it should include attention to such factors 
as hunidity, moisture content, temperature, and atmospheric éxoosure. . 
This type of control is just as-important in the manufacture of raw 
preducts for the purpose of further industrial utilization as for food 
products. 

‘oe, -LOe-Special sterols and growth-promoting factors from partially 
incubated fertile egg yolks are worthy of attention looking toward © | 
their separation and recovery. Biologics such as these may prove to» , 
be,exceedingly valuable in the correction of abnormal conditions in hu- 
man beings and animals, «=... ~*~ 

»oif Ll. The character of the protein of shell membranes should be in- 
vestigated, as well as the mineral constituents of the egg shells. The 
isolation of valuable compounds is entirely possible and would convert 
& present nuisance waste into a profitable product, 

12. Technological information-is also needed in manufacturing and 
processing operations and in methods for the determination of quality 


of the manufactured products. These studies have been strongly urged. 
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“Whe main area of meat production in this country corresponds to 
the vestoh of surplus, feed production. ‘This ‘ineludes: the central erain 
bi roughly the vast triangular territory of ‘ilen Chto, South ms 

sini Texas ‘form the a angles Of a ‘ee. yearly: Ancone? to ‘producers, 
ea snags gonething over eC pellten dollars from hogs, a Little under a 
ooh langeat te and Anoones are in Si apa Tlinstis, mae 
Lye (Bota, Kansas Le. Vissowi, Texas ; south ‘Dakota, Tndiana, ¥isconsin, and | | 
| | Ohio. This area is in goneral the region of Surp ius. meat production aif 
) Py yas as coniparred with the eastern area, wih.gh is the yomen of Saft chant sie 
ag meat production. the genera direction of market movenent of "meat 
| products, phpsptore, is Srp western Ros lots and pastures $ the 
— large eastern cities. hitless Pei 
“over ‘ne last” 20 years the annual production of beef in this 
ieuliey has ranged from 6 te ae billion pounds. The production of pork 
| has ranged from about 6 to 9 billion pounds plus an additional Lip 
to 2 billion pounds of lard. Production of veal has clinbed from about 
halt a billion * a btliten pounds in regent Ler. Mutton, and Te 
especially damb, iikewl ae have steadily pucrsased cage’ an output “a : 
about Bsa eat pounds to about ee million pounds in the last few 


rem 


years. 


a ce rt 


7 _ er + capita consumption ¢ of beef in recent years: has ranged from 
about rm to 59 nemnda, te per capita consumption of pork from 55 ba % 
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pounds; of lamb and mutton from 5 to 7 pounds; and of total meats: 

from 116 to 148 pounds: annually. The relation between production and 

consumption in recent years\is shom.intable 2G = | arly 
‘fable 2@ = Total and per capita production and consumption of Federally 


inspected meats, including lard, and United States population 
ve (average for 1929-33, and annually from 1934 to 1937) 





: <Prednetion- - ; Total con— :2All meats,in-: 
3 — . tsumption of :clud : 
PROROB: BUPLY Gi Ags reenetomp fr fall meats, 2 eno Lo. : Popula- 
Year : Pork m : Beef and 3 Total meate,tincluding aPer :Per +: tion on 
Too we ineluding °@ veal 2/» -@dineluding slard - » teapitareapita: July 1 
2 lard : lard v : ipro~ fcon- 4 2/ 





: amition dbs. ae Ts Lion Ibs. siLLion lbs. wounds Pounds ‘Millions 
1929-38:4, Lave expo we La ps 3 ‘en 8 


(average) 8 O77 : 4,725 ; 13, 379 : 12. 578 n07. 991101. ” 124 
wa ; 7,231 win 5,602, ay 13,458 7 12,794 1106. 264101. ye 127 
1935 1,106 5,167 : 10,274 . 10,634 : 80.57: 83. am 127 
1936 oo were wee eee eer ras 128 
7 ? oe 5,37 1 8 fF WL en, ee; 91. 2 129 





af Excludes meat for Government slaughter in) 1934,°1935, and 1936. » 
2/ errhstaaed of sipnahle 


‘EXPORT TRADE 
nom in the days of cheap feed, the United States was a 

large —— of neat prodvets, Neegpioanpred pork. The oe of meat 
‘exports 3 was reached in 1918, when more than 2-1/2 billion pounds (fresh 
neat basis) of neats were shipped abroad. From that peak yore the exports 
of neat gradually ‘dwindled to 164 million pounds : in 1937. | 

Hee Exports of pric ana lard steadily declined from 1900 to 1914. 

The ¥ World War Anjected : a | temporary demand that increased the export of 


een en iy In 1920, "hewevor a foreign ppc deelined ahruptiy ey 


sobtalegog esdsi@ betiad ben iret 
‘ob MOE arth sek Laun 
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continued its descent until 1937 when only 63 million pounds of pork — 
were exported. furopean demand for lard held up somewhat better than 
that for pork for several years. But this trade too fell off sharply » 
in 1935 and was still.at low ebb)in 1937, when only 137 million pounds 
of lard were exporteds -ovic’ ih sora | 

. «) The small export trade in 1935 and 1937 was partly due to the. 
ene supply of hogs resuiting from the’ droughts of 1934 and 1936. 
Exports of pork and lard have recently increased appreciably. During .. 
the first 9 months of 193%, pork exports amounted to 69 million pounds 
and lard exports to 148 million pounds, as compared with 43 million 
pounds of pork and 77 million pounds of lard in the corresponding ..- 
period in 1937. . 
- ine Theytremendous losses in the export trade in pork have played 
a very Significant.part in the ‘corn situation. Since a large part 
of the corn crop is marketed in.the form of hogs, the system of corn 
ana hog production, which was geared to an export trade approaching a 
billion pounds of pork a year, has required far-reaching read justments 
in peoent yearss 6) 899%, an low 

. .~Pangible figures on surpluses are difficult to obtain as stocks 
of meat animals are at all times carried on the farms, As for the meat 
itself, the annual carry-over is revealed in the figures on cold-storage 
holdings, .Cold-storage .stocks of ‘pork on March 1.of.the years 1930.to.. 
1934 averaged 735 million pounds. Since production of pork was sharply 
affected by the droughts and corn shortages of 1934 and 1936, the stock 
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ae a 
inecla storave on March 1, 1936, amounted to only 45% million pounds. 
Me following year it? rose to 776 miYlion powids, and on March 1 of 


193E it stood at S°7 million pounds.” In recent years, the cold-storage 





s of lard have ranged fron 100 to 200 million yowhds. Ordinarily 
less beef than pork is carried in storage. ‘The stock of ee TA store 
age on March’ a ‘1937, amounted te 167 million pounds, and on the same 
éate in 1938, “57 million pounds. 





The inch nt of pork inte storage is usually from early November 
to wien 5 that of lard is usually from December to August. Most of the 
movement of these products out of storage occurs in the summer and fall. 
The total movement into storage is influenced considerably by the pros- 
pectivé supply of hogs for summer slauehter in relation to winter mar- 
keting. Prospects of a relatively small summer slaughter tend to 
encourage thé accumulation of large stérage holdings, whereas indica- 
tions ofa larce suamer slaughter tend to have the opposite effect. 
“PRESENT STATUS | 

othe present meat situation is sharply affected by the feed 
shortazes of 1934 and 1936, and stockmen are now trying to build up 
herds and reserves on the abundant feed crops of the last two seasons. 
The ample feed: supply harvested this fall is expected to result in 
further expansion of livestock prodtiction in 1939. Total supplics of 
meats in 1939 will be larger than those for 1938, but they will still 
be somewhat below the average of the 5 years preceding the 1934 drought. 
Inerease in meat supplies’ in the ‘coming year will be practically con-- 
fined to pork. Thé present tendency to withhold cows and heifer calves — 
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from the market in order to build up breeding herds will operate to 
curtail beef output somewhat in the next year or so. 
Consumer demand for meat is expected to increase slightly 

during the coming year. Evidence indicates that the amount of money 
consumers spend for meat is gauged by their incomes in the given 
season. When industrial conditions are good and wages and incones 
High the amount spent for meat is larger than in less prosperous 
times. This operates to raise the price of meat in prosperous years 
provided that the supply has not increased too greatly at. the same 
tine. This relationship between industrial conditions and meat: 
_ prices is well established and bears significantly upon the broad»: _ 
problem of the meat market and potential surplus. 
com et MEAT PRODUCTS AND BY-PRODUCTS 

Dressed beef, vedl, york, and lamb are the principal meat 
oroduets. Articles such as lard, cattle hides, calf skins, wool and = - 
mohair, and sheen and ‘lamb skins, as well as manufactured vroducts 
such as sausace, oles oil; and stéarin, are often classed as by- 
products, but because they ‘have stbstantial agcregate sales values,» 
these items may be properly designated as major products rather than:. 
as by-products. ~ 

Ry~products naturally fall into two general classifications, 
those used as food and those which are inedible. Of the former the 
more important articles are tongue, brains, meat portions of the head, 
livers, kidneys, tails, sweetbreads, pigs’ feet and tripe, and intestines 
used for sausage casings. Intestines are allso used for inedible products, 


such as surgical ligatures and violin strings. 





pean) adrenal, gonads, (sex g] 
Serived.a variety of i: 
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hides, and skins, 


ite desing inedible by-products (except wool, } 
ch are discussec separately ) and, some,of their. important: uses are 
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is, suoh as the thyroid, parathyroid, pituitary, pineal, 
nds), and 


% pharmaceuticals, including insulin, pepsin, 


Sy from which are 
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-pancreatin, , tayredie weenie adrenalin, and mary others. Due to the 
necessity of obtaining the glands, 





quickly..and; in. comercial: quantities 





eutical properties may not, deteriorate, only 


the larger meat packers are able to, finda market for this class. of. 
product... Improvements.in metheds'of preservation might make it possible 


. dor, Staller packers te enter the fielc more extensively. _ 


ese “Bones, hoofs, a and ‘horns, which are used principally for 
making ferti Ligers » feeds, aluby: ‘ge! pig = P bone by-products.cuch as combs 
and knife handles, bone black,” onlay ee oy greasess a 

(3) Hair, which is used principally for wholstering. 

(4) Siners, fats, and blood, "aidan are used in the preparation 
of a variety ‘ae products 5 such as blood avanex ’ prt P pdetin, ferti- 
ligers, animal feeds, > soap, glycerin, a variety of ole | and tallow. 

Mer’, packene quite, generally ealine that.it ie usually more 
profitable for them to utilige as much of their product as possible 
poses, Therefore, only, those, by~products which because 
or of health or sanitary restrictions camot go into 
tien are. diverted into inedible channels, under usual 












Ly 


»,) 


iP Pinas 

market. bonditions ¥* sy adamant market values of products which, with 
a certain auipent. of Sins can be. ubLiined as edible. reach. such a 
low level that a processor finds it more profitable to market the , 
product as inedible. thas, without a Came deniaeiden*ko digkingéish 
between edible! en “inedible products or even between ma jor products 
and by-products; it is difficult to determine adstrately relative 
values of itn Jostpmabadtey editbid by-products, and inedible. waste... 
Relative values =e tioned change constantly as supply and 
demand for parttigdan items change. However , it has been estimated 
that the relation between the value of major products and by—products 
derived from Lhe etoile agnhinws of meat aninals slaughtered in pack- 
ing houses is that shown in table O'”, 


' able - Relative proportion of: asian menibenttd and. hy~products. 
derived ee Beat animals 





Meat, lard, 


skins, or hides Perens 


Meat animals | 





ae ore 


t 
3 
: 
Percent : Percent 

Cattle : 95.9 : Aol 
: 8 

Calves : 92.8 : Ton 
3 : 

Sheep and lambs : 959 : Aol 


oe 





The value of by-products sold as edible probably exceeds that 
marketed as meee While the value of by-products as compared 
with total value is small, owing to the number of animals slaughtered 
the aggregate realization is large. Tabidé2 shows the value of the 


various products of the meat-packing industry for 1935. 
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fable 2G. = Plant value of products of the meat packing industry 
_ for 1935 3/ 
3 3 
Product 2 Value : Portion of 
| H 3 total value 
ee Sate hel, OT ~ Million dollars: Percent 
Edible: $ 3 
Yeats $ seebypOt: ona 85 
. H 3 
“GS Pera: 3 129 : 9: 
: 2 
Shortenings and oils : ee Rec i 
: : 
BOATS. EAE z 1,842 : 93 
Tnedible 3 3 : 
‘Hides and skins :% 81 : 4 
lwodeahainady: i Pixie 1 
:. 3 
fallow and grease : 23 2 Es 
Animal feeds : 10 : i 
‘Other inedible products : sl 3 on 
3 3 
Total 95 or 137... 3 i 
: 2 
18 So RP A $ 1,979 3 100 


a. Source; Calculations from data of the Biennial Census 


of Manufacturers, 1935. 
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wt AG Current research, in the United States on animal products, 
excepting hides, skins,-and wool, deals both with food uses and with: 
industrial, utilization. , To a large extent the former type of work 

is. being. conducted by State agricultural experiment stations and the 
United States Department.of Agricultures andi the latter type largely 

by industry... Research on food uses may be classified under three. 

main heads -. animal production, meat processing, meat and meat products. 
Research relating to industrial utilization of meat—animal products 
has-been subdivided.into fundamental research and industrial utiliza-. 


tion of by-products. Specific problems of research now in progress are: 





1. Breeding.as a factor influencing economy of production and 
the quantity and quality of edible products of meat animals. Various 
breeds, strains, crosses, and types of hogs, sheep, and cattie are 
being studied, with the principal objective of developing improved | - 
strains that.will produce meat of the most desired quality at low cost. 
Numerous specific problems are included in this program, for example, — 
the problems relating te economy and rapidity of gains in live weight, 
and to fatness, proportions of parts or cuts, tendermess, and color of 
lean tissue. 

Pres Qe, Nutritional studies. Nutrition is probably receiving major 
attention among the several animal, production factors under considera~ 
tion. Certain carcass and meat characteristics of cattle, hogs, and 
lambs. comand primary interest and attentions therefore, the effect of 
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various. feeds, such as grass, roughage, full grain and limited grain 
rations, grain with roughage, and soybeans, on-the production of .. 
desirable meat qualities are being investigated. Dressing percentage, 
physical and chemical composition, and color of the lean and fat 
tissues are among the important factors considered in measuring the 
effects of differences. in feeding. In addition, the influence of | 
different feed levels on fatness and fat distribution, proportions . 
of the different parts of the carcass, ratio of edible meat to bone, 
softness of pork, etc., is also being investigated. On the whole, =»: 
research on lambs is-receiving much less attention. than that on cattle 
and hogs. Considering the much lower production and consumption of 
lamb meat in the United States this would appear to be logical. 

3. Investigations on sex, grade, and methods of baby beef 
production. Significance of sex in cattle in relation to quality of 
the edible product and to other factors is being studied. Research 
on grades. has for its principal objective the characterization of the 
recognized grades in specific terms, such as physical and chemical - 
composition, proportions, of primary cuts, color, marbling, and tenderness. 
Tn additiony same of this.type of research involves livestock management 


factors as basic variables distinct from breeding, feeding, and other 


factors. 





4+ Storage studies of fresh meat at above freezing temperatures. 


The relation of temperature, humidity, and air circulation to control 


of spoilage and ripening is being considered. The major objective is 
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to determine the most desirable combination of temperature, humidity, 
and rate of air etrevilation for each kind and srade of meat.  Investi- 
gationg are in progress on keeping quality, or rate of ripening, of 
fresh beef produced on different rations, as well as the comparative 
behavior at a temperature of'a bout 35° P. of beef of equal fatness 
produced on erase alone and 6n a standard ration of ersin with hay. 
bi Ny Preegins and freezer storase investi zations. Recent years 
have seen a remarkable development of interest in low-temperature pre- 
servation of meat and other foods in the United States. The principal 
objective is to determine the effects of temperatiires of freezing and 
of storace of frozen foods on such variables as tenderness, juiciness, 
eben flavor (including rancidity), and other factors. 

“6. "Curing ‘studies. Curing studies, made especially on pork, 
involve such basic variables as temperature, time, ecurins mixture, 
arid’ method of application ‘in relation to preservation and quality of 
the product. Investigations on aging of cured meats involve the in- 
fluence of temperature, time, anti-oxidants, and degree of protection 
from or exposure to air on the quality of the cured, stored meat. The 
rapid aging" ‘of cured hams at il nhandenid = 4s also re= 
slated attention. — 

Canning and cooking studies. These studies are directed 
toward the development of methods for home use that will definitely 
insure preservation, and, at the same time, result ina hich-quality 
product for the table. Studies are being made of the effects of 


different methods and’ different temeratures of cooking and of different 
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internal temperatures of meat on the losses of total and of specific 
nutrients and wnpkldtabinteyotaptors «° Methods of cooking frozen 
dndtw ine lnakecorticacentodes: investigation. 

eat and meat products: 





8.. Studies on palatability factors such as tenderness, in- 
cluding practical and fundamental work on tendering; flavor, intrinsic 
and. developed; juiciness, with reference to quantity and quality of 
juice; and finish or fatness in relation to palatability. 

9. Nutritional studies on disease preventive substances and 
accessory food factors, including vitamins, in meat. 

10. Studies on physical and’ chemical characteristics, including 
color, composition, firmness, and water-holding capacity. Work on 
quality of lard is included. 

iL. Studies on meat and nak ogebet extracts, including develop- 
ment of new and improved extracts and concentrates for iacaneieltags 
purposes. 

912. Methods for measuring flavor (both intrinsic and developed), 
quality and quantity of juice, fat content, dressed carcasses, and 
their relation to quantity and quality of meat. Also under investiga- 


tion are methods for testing and identifying mixtures of beef oils | 


and lard. 





13. Studies on the proteins of bone, hair, blood, glands, and 
organs, including the separation, identification, and characterization 
of the individual oroteins. — 
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tion, and decomposition into. simpler units as, for example, separation of 
| on, of fabty.acids Lor-use. ini synthetic 








ns, including isclation, -— 


o> « Abs. Studies.on fates. These. studies are designed.to.develop new 
and enlarged uses for lard, oleic acid, stearine, ani related products. 
Uther work relates to ; nia Re Neebtnerpeateieten: 

Sadia Me Studies on bones, hoofs, and horns. This work is directed 
toward the production of a dating giue, and adhesives of higher quality 
manatacture, of gelakin and glue... 

48.. Studies on golahin, | delabin 4s. being studied with a view. 
teste use in the manufacture of photographic tile and papery in. 
adhesives, in.gising, and in combination with artificial silk for 
the production of @ substitute for sheep gut in tennis rackets. 
Investigations are under way on the development of new glues and ade 
hesives of special properties and for special applications, exch at 
oopion We, Studies, on antuniremdn on, weaken £0 eeree- 
ciel | bevadidhind wad viteddimeoten concentrates, oo 
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‘preparations. Other work relates to the production of enzymatic leather 


bates from the entire pancreatic gland.) 





-o 20. ‘Investigations on bleed with the object of converting it to 
an adhesive ‘suitable!for veneer and ply woods.» 
- Rao Studies om hair for the production of amino acids or related 
products for use in fine-grain developers for miniature photography. 
22. Investigations on tendons directed toward the develoomeft 
‘of a product resembling paper or parchment for drum heads, violin 
strings, sutures, etc. 
“< 2300 Studies on wastes, such as economical recovery of protein 
‘from packing-house waste water and the development of new fertilizer: 
materials. 


SUGGESTED RESEARCH - 





lor “ee Suggestions for ‘research wary widely. Both food uses and non~ 
food uses are included, ies in many instances the suggestions for 
study relate to problems on which research is now in ecu «° Hidés, 
‘skins, “and wool have been considered elsewhere. The problems suggested 
have been classified as follows: — 

production: — 





L. Peeding effects on the keeping quality of fat and its quality 
“for use in food preparation. The consistency and chemical eomposition 
of fat, particularly hog fat, are affected greatly by the tye of 
‘ration fed) Differences in fat are reflected-in the lard, and«the 


Yelative qualities of the various lards should bé determined. 
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_ extracts. 





oe Development of strains of ¢ hogs yielding a lower ratio of 


fat to other Products, ‘thereby reducing the present surplus of dard. 


ie" Frogen pack and refrigeration studies bac improve the quality 


of meat available in small markets, to extend consumption of meat, and 


to avoid Er ecaely and waate in , Long shipments of fat Animals. 


Ae Freezing studies for the preservation of ready-prepared, 


“evoked fpodss 


3 _Devellopnent Srom, n agriculture] | saterials of a new , and in— 


proved "smoke" for “hee and moat, Prpducta. ae new | prpduct or method 


should ee improved quality and flavor to the meat and should possess 


raph pensation and high anti-oxidant properties. 


et Developnent, of more pitectsve animal and plane gutd-oxi dante 


cor use +. the preservation of fat and oil products. 


Went products: 


Ts Tu utri tional studies on Bent ane meat products such as neat 


&. Interpretation of meat grades to show the relative palatability, 
scone» apa se Sete bigs ge ps yarsous cuts according to BTaes 


ame Studies on ensyme, action in peat and the effects. of such 


action pedar Varsoun ener eae conditions. 


oe lara studies Gesi goes ~~ arose ‘color, plasticity, stability, 


utritive value, rendering dathede, etc., thereby increasing the value 


as well as desirability and use of this fat as a food. 
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Fundamental research on animal constituents: 


11. studies on | isolation and identification of the constituents 

in the unsepont table fraction of ‘exinal fats and oils. 
ty 1. ee on the isolation of new and improved pharma« 

oeationle, ‘such as thromboplastin, adrenalin, and sex hormones, from 
glends and organs. More rapid and less expensive methods of vitemin 
and drug sia Se anaiveis for use in control work should receive 
attentions Brains should be studied with respect to use in the 
economical production of cholesterol, lecithin, and related compounds. 

1s," Protein studies, including isolation and hydrolysis to amino 


acids. (For general discussion of this subject see section on Proteins 


in report on Dairy Products, ) 


Nonfood utiligation: 


ly. Studies on development of new and extended uses for lard, 
hoofs, and horns. 

15. Utilization studies on bones for the production of bone 
black and bone china or high quality porcelain. Separation of proteins 
from green bones should be investigated with the objective of producing 
zluee 

16. Investigations on blood (1) for the production of albumen 
which may compete more effectively with imported albwnen; (2) as a 
source of raw materials for the manufacture of plastics; and (3) for 
the preparation of the individuel amino acids useful for commercial 


aud therapeutic purposes. 
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17. Waste areca , This problem should include the economical 
recovery of constd fiantl- Tent ie nrotern and fat, from packing—- 
house water, and the advantageous. utilization of the recovered con-. 
stituents. atest me Ay wot, subsets, ar bh He 
Lic = _ investigations on the wrapstdan. of new and improved ad~ . 
hesives coon animad, byeprodyetsee leo, mawhore 

ala Sa Studies on fats and oils for the production of. lubricants 
for gory purposes. 
. #0+ Investigations on gelatin for the. purpose. of adapting, it. 
to. the mamfacture of artificial straw. 
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The pines, ania) fibers used in ‘the United States for the 
ramufacture ie textile febries are ‘wool, mohair, and silks A nunver 


‘f others, not, covered in ‘this Survey are used to a less ‘extent, ‘the 


most tmportant, being alpaca, vieuna, Lissa, eashuere, and eonel's 
hare The Sapential Shanica), difference & between antunl and vegetable 
fibers is that the cieiiih ies Miieeanh 46 miehaie mbacenn ik: cane 
are composed very largely of oeliulons. The protein of arimad, fibers 
makep then take certain types of dyes when cannot, be used on vege- 


table bers, makes 1 She err watermabsorbent than vegetable slbersy 


. gparts | Resistanne Se deterioration by étlute acids, and gives then 


a gonsidersble degree ot fire yealstance, Auinad fibers also possess 
physical properties which make thes be oe to pi pe fibers for 
the papatesture of certain kinds of textile fauries. 

i _ Wool and mohair are ake only. aninal fibers ; produced conercial- 
ty in the ‘united states for spinning. Severs] attempts have ‘been 
nade to develop a | stlkeprodueing industry in this country, ‘but these 
have denonstrated that the estabLishnent of this Andustry would be , 
inpractical beoause of the great anount of hend labor required. - 
Recently, however attention has been directed toward the be poasittity 
of replacing sove of the hand labor with machines. 





Wad Wither 


he wetenes wing eager) has under gone. setbacks fron | tine to 
tine during the dast 25 years, ‘but it has not been benciespped by _ 
surplus production as that term is ordinarily understood. for many 
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years the texttie ntiis of thts country have used nore wool than de 





He is ‘ootinated that there are in the United States sbout 


alk dope wool producers and shout 46 milldon sheep. ‘In recent years 


ng Res * a ANSE BRIG! zh 





‘The wool-growing industry of this country has shifted weet 
ward ‘until now tho-thrds’ of the chorn wool {6 produoed:tm the Rocky 


= poate ‘bgis Pies 





sin and Pacific Coast States. Texas has the largest produetion 
of any State, eo epiamnesioee deemed produced in the 


‘other southern States. 


Tn the East, ‘np ee NERY Patent in een fare. flecks 


Of | a dozen te possibly a hundred head of shearing age. Such flocks 
_are comnon heed ee * general feraing, serving to utilize bil 
pasture and vous forage. In western range 5 States, ‘often called the 
“territory States" in the language of the wool trede, step in flocks 
of 1,000 to 2,000 graze over open range country throughout the year. 
‘Sheep raisers in the ronge States clip fren about 5,000 up to as 
much ag 





Bate re 


-@F 500,000 pounds of wool « years — 
runs fron 25,000 to 100,000 ) oy rs 
| Generally speaking, the Rocky Mountain States produee the 





Pine-fiber ‘wools characteristic of the Ramboul List and Marine breeds, 
_ wich are present to sone degree in most Of thie Fisohe ofthat Fegten. 
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hw 
sod predominates and the wools are coarser, 
ern Cfo and ee Y dell Of sage oman and West © 
SGente, Nida cia Wohl Ge 
“* Shay about 66 to 70 percent of the wool consimed in the United 











‘States fs prédueed Mere, Some 30 to 40 percent mst be imported, The 


nresent Guty on foreln wool te 24 cents per pound on the basis of the 


‘yield of sedured wodl. ‘However, ‘bacanse the Imited States produces 
‘Little or no wool sultable for carpet mammfacture, woole for this 

‘purpose are admitted duty-free, Such wools mist be below a certain 
erate, defined in the Terirt Act, The chief ports of entry for =” 


sign Wool are Boston, New York, Philadelphia, and San Francieco. 
Wook production, conswmtion, and imports inte this country 
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The 1998 wool erop was catinated at about 369 million pounds, 
slightly more than the averages ‘the increase in 1936 over 1937 was 
caused by an increase in the number of sheep shorns 

_ Available supplies of apparel-class wool, in the United States 
in the fall of 1938 were considerably larger than im the preceding 


year or two. As @ result of the large imports and reduced will 
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‘ohn 
consumption 4# 1997) the carry-over of old wool into the 1936 market~ 


sti emi ‘is th Wh adn All at ded ae Wie ‘Grevisus year. 


Tnereases in mill consumption if not accompanied by an increase in 
dnporte will probably result in analler stocke of weeh on Aprtl 1p 
1999, than Were available on April 2, 193%. : | 
Phe world output of wool in 1937, excluding thet of fugsia and 
China, totaled 3,487,000,000 pounds, the largest roduetion in recent 
years, Prelininary estimates indicated that world production in 1936 
fouls bé slightly smaller, Wool production in Australie in 1938, as 
compared with thet in — was exnerted to show 2 reduction of about 
6 percent. ; 
The gross form income received by domestic wool producers in 
1997 andunted to 117 million dollars. vol na it totaled 97 million 
inh ied 4905-12) “avetrdiga phliod "Yor Wool ‘recedved by prom 
ducers throughout the Untted States was 18.3 cents per pound. In 
recent years the weighted averace price to producers, éovicing the 
otis yeer in each case, hns ranged fron 8.7 cents a pound in 19% 
to 32 cente a pound in 1097, During ast of thet tine the season i" 
aig deicninereininaeaetindmnandntanne’ a = 
Phe Government Loan pregran for wool aroducers provided an 
important Pe dnriuence on domestic prices’ after april ‘1932. 
£ total of ‘some 93 mili4en pounds ‘Gf wobl had teen aprraised for 
loane during the succeeding 6 months. The loans averaged about 





17.66 cents per pound of wool in the grease at warehouses. 
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de the affects of hybridisation, selection, type conformation, 
aoe Beaded! the caPowdeing owes © ees i 
breed, age, feed, and pasturage on the rate of growth of the sheep 
ai Uitier vagetetia zehber by meene of aiiphumwie anid, uydecchkleria 
and + ae war pat, of woel produced. 
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ale of the hexbaihe mremgaaes foe wool ame bu wang sti wits 
"ha Salada Of Yan caamtenl teepenitian Of the tas amt the 

& View Ge iogroving olf mubhede oud deriaine ner orees: 

propertice of the fiber (especially silicon content) te the quality 
hoe Delon af pee teees a fabrics deprevemes af the 

of the wool, In these studies the properties of the fiber investizet~ 

Seliiee precem, of the hawking, dyeing, and orintice orosess BG, atu, 

ed for the purpose of ste ei are dct wv) dlaneter, 

at tive: Sis ato pokes re . nic lasso 

we Nhs ‘Shady oe ERGOieacamole ayes tot heme cycling, sami the action 

be Drvestigations on the canes of medulla wool fiber, 
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", Improvexent in cleaning fleese before shipnent. 
Q. Comparative studies on clip shrinkage. 
10. Causes for variation in shrinkage, and the relation of 
thé wieinkage of various parts of the fleece to the shrinkage of the 
(Ql. Investigation of spontaneous combastion in wool (due to — 
wool gi@nuse)euresiion of wile ese 
«: Wes Study of the three methods commonly used for separation 
of the wool grease, mamely, soap and alkali scouring, solvent scour- 
ing, and freesing. | ; 
»: ; 13. Study of the carbonizing process - removal of cellulose 
and other vegetable matter by means of sulphuric acid, hydrochloric 
14. Optdinun tesperature for drying earbonised wool. 





 .)\ Most-of the textile processes for wool are being studied , with 
a view to improving old methods and deviging new oness 
+ 28a Development. of new types of fabric, inpre 
fulling process, of the bleaching, dyeing, and printing processes, and 
of the finishing processes in generals i, rr 
ovene bs otadyoet tatetwecluble dyes:for hene.dyeing, and the action 
of dyes and detergents upon the fiber. -— 
SS 2%e Studies on the absorption of water, oils, and alkalies. 

) & 1s. Effect of cell and fiber structure on elasticity and on 








mb 
“B25. — of fubling and the effect of acidity on fulling. 
lor oROeloBpeeial finishes to protect against moths, deterioration, 
oeotoetidlle;ctxavention of shrinkage by treatment with halogen deriv 
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23. Prevention of pile crushing of plushes anc velvets and 
the production of nonereagable fabrics. 

24. Increasing the wear of felt by chemical treatment such as 
emmdinge) oro. 

25. Studies on the taprovesent of amimal fibers by the 





ov 26. ~ Special felts for use in paper miliss 
len (R%eo Trereased use of wool in children's playauits, biankets, 
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jogo ben Shfeet of the proportion and quality of wool in weol- 
rayon and wool-cotteon blankets upon the wear and warmth of the 


; : i Sys e NA oe . eh pipers a7 np a 


jovery and reuse of wool in old fabrics. 
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ultraviolet. licht. 





a Daew 
$2. Effects of temperature, humidity, ari oxygen concentra- 

ol ~33e-" Deterioration caused by heat, acids, alkalies, chlorine, 
Tosbings. The improvement of wooi by improved sama bushendry 
ially as Yegards Length of staple and grade. 

350° Breluation of wools for special uses, such as carpets. 
360 fetection of damaged wool, ood in trending Cleese 
POPr ge: Pe 2 telnet Rene and in the study 
of dell structures | suggusteds 
384 Determination of mohair and wool by soale size and diameter 














pigitions on G@rying, regain of moisture, 
porosity, resistance to abrasion, dielsetric strensth, tensile proper- 
ties (the effect of seidity has been specifically investigated), and 
electrokinetic properties. — cheapo Lar PanereTrs. 





40s 4m economic study of the {ine~wool industry in southwestern 
Penneylvanias This includes forecesting prices in the wool market, 
the effect of quality and physical properties of the fiber on the cost 
of products, and other subjects of economic importance. 





gtrueturel details of wool, with special reference te origin and 
development. 
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$9 ee, egy, 19 the non) totoate. The follewing Lines: af research 
on this protilen have been suggested: 





34. sateen sees on branding es vy D parts of the LLECCee 
el ¢ branding to > prevent the 


)} 9 38 
he. Developnant of saproved nethods 


retention of tar in the fleece. 
‘Se Studies designed to find branding saterial nore easily 


washed out with soda ash or soaps anivie dn de , 
_ Studies on better and chowper tar renovers. 








"Studies on n tngroved » sizes and ‘Cindshes for woolen fabrics. 


| Development of  nethod of Anereasing resistance to abrasion. 


be ave. 
% Investigetions on the ‘lubrication of ‘wool by different 
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“Tnvostigntions on new fabrics : and proved 1 processes for 


Ce i cS 9 es Pp 
kat aed pre “iy 
10, 
ci a oe " 5. 
EA aan UR Ec 


)» ® feltings 





Mis) Ra, Pa 
ES HO 





Wb on Ce ae Ls) 
y id 


—“eo 


678 





and 








OF Te he Anas gals Cee a hiane eae de Sie Mara LP CY aE 
5 Se sh A Bee eink. eens SONS ere ae, vrai Simtel an ene es 





arch on ‘the Mreetace of week and other afenat fibers, 
Lei %s sinilar svuti ee on cotton and ‘other * plat fibers. 
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* Stik is one of the dest of the natare) fibers. ‘Stk yarns 
elasticity * 
and thread are nanufactured fron fthers produced by the st Livers 
Tey SEE 


during the epinning of the ¢ coneons . fiber ie obtained by reel- 


Pores zak” BN 
Comercial silk 4 is | produced mainly An Japan and Chinas Saal 
key te Tk ae 


quantities are oreduoed ip Tealy, France, and Tada, Tn the Untted 


States oilk 4 penned 9 ‘only for @ purposes. any attenpts 

caer "bean ade to produse ae a comoretally in this country, butt they 

Kove ower been enoctentily Saenen 4 of ‘the trenendous amount of hand 

Labor required not only in reteing the worns but alse in reeling or 

wmtndine the Pog froa the cocoons. he eveio: cent of regenerated 

sth a, chisubeieh isdurenk in the ‘Pemmibility of catablishing a 
° lemven of the igpe of ehap caoceees 


ashandinatie industry in this country, since the samufacture of 
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this type of oh hehehe taarvenh te: qunenatiin: tania tebe Regencrat— 
ed silk is produced by dissolving waste silk or perforated cocoons, 
which the adult moth las exerged) end forming the fibers 
ss similar to thet used: in the mammfacture of crayons « Gpun 
silk (silk eut acd spun in @ mamer similer to thet used in spinning 
rayon staple fiber) may be made fron whole as well as perforated = 











... The valve of raw silk imports into: this-country hes fallen 
trenendously during the last few years (4421,395,000 in 1926.27 te’ - 
897,437,000 in 1937-3) owing largely to the competition of rayons . 
No other fiber, however, has been produced on a commercial scale that 
duplicates the desirable characteristics of silk, particularly its 
elasticity. Silk. has. very important uses in connection with national 
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. +» -Ravestigations are being carried on in several parts of the 
country on the raiging of siliworms for the production of silke 
Thase projects have-three- distinct objectives, namely, the production 
of ordinary continuous <i > silk, the production of regenerated 
silk, and the production. of cub fiber for spun silk. Work under way 
incites study of the cout of the various 
berxy,trees for feeding silbworms and the effects of the various kinds 
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of silkworns to detersine optimus conditions for feedir 





Bo Study of aost Carters in pro: 


ay estiuabe us te 16, conta. a. pound, 





vasaarch with the, following. objectives: (2) 
ae lec! Aon at mulberry leaves; (b) mechanical 






st01 ae , wide is dita’ to increase the mumber of “crops” in a 





given eearyay (4) wechaniosi reeling of silk from the conor. 
| : 40 Studies to deteraine optimim conditions for the production 
of regenerated silk, including beth chemical and mechanical studies. 





famental studies of the protein constituents of silk. 





Speetfic studies include: 

“1, Investigations on the habits of the different varieties 
and handling, and means for protecting then froz diseases, 

3 “Re Hatching and feeding expe: 
soecsettiedl to mulberry trees. | 
Agronomic research on the improvesent and culture of differ 
ent varieties of mlbverry trees. — 





‘ ments in buildings in close 








4s Study of the cost of the various factors in raising silke 
wormly particularly ¢ the cost of the mechanical gathering of mulberry 
leaves. 

Sy Studies to determine optimus cormlitions for storage of 
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| | poy , durabtaity, and pone 

a they aro by-products of angther industry 
i eosing ‘rend ry ecmpaviaie sah gubstitutes 
2 Prewianiy wre marketed by methods that fai} to discriminate an 


Price according: ‘to quality, and tims @o mvt provide an incentive fox 
pquali ty deides ond eine are ath too often treated with the 


| utuet etigrormee-end with 2UEle negisd for whet atiouls be dons to 
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| Raveena tan te hides Ie the nace of calyes, the. pics nay equal 
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hides and skins of cattle ard calves the tanner often pays as muchas 





or mere per pound than the butcher pays for the dressed carcasses of 
these anirials. Yet, becawe they are by~ 
ntly are marketed by methods that fail to discrimirate in 


3 of another indusiry 








price adeording ‘to quality, and thus do not crovide an incentive for 
improving quality, hides and skins are all too often treated with the 
utmost indifference and with little regard for what should be done to 
fealige their maximum potential value. 

one oooh’ de generally considered that for cattle an average of about 
7 percent of the live weight and about 11 percent of the value af the 
&$ muchas 20 percent of the value on the hoof. dbviously, the raiser 
of livestock has, therefore, a substantial proportion of his produce... 
and source of income in the form of hides and skins. . dust as animals 
cannot be raised without hides or-skins, neither can leather be made. 
without them. “The agriculturist, therefore, is supplying essential 
raw materials fora basic industry producing an everyday necessity. 
“oe. Theuitportance of hides and skins is shown by the fact that 
anmally in this country about 120,000,000-ef then, vorth nearly 
#200,000,00Q are tanned into leather having-a normal factory valvation 
of about: 9450, 000,000.°: This Leather is converted: into-shoes , belting, 
harness,,andother,goods,for which the: people spend yearly close to 








“= 
82,000,000,000.. Toward meeting the requirements of the leather 
industry domestic agriculture supplies some 40,000,000 hides and... 
skins, worth well over 400,000,000. It is necessary, however, to 
draw upon foreign countries for some 75,000,000 to.60,000,000 hides 
and skins, worth ..about..$75,000,000,. Theoretically, at least, there. 
is thus still.available to domestic agriculture a potential market... 
of tremendous magnitude, . 


In this country animals are not raised solely for producing 


leather=making hides and skins. The livestock. population is governed 


primarily by other demands, as for meat, milk, and.wool. Dy improv-. 
ing the quality of hides and skins and preparing them for market in . 
the best. possible state of preservation, domestic agriculture may 
participate to a larger extent. in supplying raw materials to the... 
leather industry... Improvement in the inherent properties of domestic 
hides and skins, as through breeding and special feeding, abvievely 
would place these materials in a stronger competitive position. Flin- 
ination of the spoilage and waste of domestic bides and skins would 
mean more hide substance and better raw material for sale and greatly 
increased returns, Estimates of the annual monetary loss due to .,.. 
spoilage and waste.of hides and skins from improper handling, faulty 
take~off, and poor cure have ranged from 10,000,000 to $20,000,000. 
This loss is additional to that from damages of ante mortem origin, 
resulting. from the attack of.insects or infestation by parasites, the 
reduction or. elimination of which.danages would also greatly increase 
the aggresate returns for hides and skins. 
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looking at the picture, therefore, in its broadest aspect it 
ig evident that for the benefit of agriculture, the leather industry ; 
andthe Nation, hides and skins’ should be raised to the level of 
essential, valuable, staple, major projects and, as such, should re- 
ceive conserted ‘attention and efforts directed toward their increased 
production, itprovenént in quality, proper preservation, correct market= 
ing, and most. complete and efficient utilization, ~~ . 
“PRESENT ReSrARcH 





The Federal and State Departments of Agriculture and acricultural 
éxperiment stations are engaged ¢ontinuously in work on combatins and 
eradicating insects, parasites, and diseases that attack livestock and 
result usially in serious damages to hides and skins. However, work 
of ‘this’ character is not Gonsidered within the scope of this survey. — 
Aside from this, only extrenély limited attention is being given ~~ 
directly to the maximum de¥elopment of the most desired inherent _ 
leather-makifig properties 6f hides and Skins while still on the animal. 





In the aggregate, a tremendous amount of research and experimental © 
work is‘ being done on the improvement of livestock and the production 
of better méat, milk, and wool. Hides and skins from animls of known 
history are thus available from time ‘to time at several State and 
Federal experiment stations. Quantitative studies, however, of the 
effect of such life factors as breed, sex, age, nutrition, and environ- 
ment of animals upon'the inherent qualities, and hence the intrinsic 
value, of their hides and skins have teen almost ‘completely neglected. 
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The problems relating to preservation and storage of hides and 
skins to. ceiuoe spoilage after removal from.the carcass and until put 
to soak by theitanner,are.reeeiving attention, which, however, is 
definitely inadequate in view of the economic losses that result from 
oso The most important and valuable utilization of hides. and skins 
is, of course » their conversion into leather. Consequently, the work 
of the, tannery laboratories is devoted primarily, and in many cases 
exclusively, tothe chemical control of the numerous. processes. involved 
in tanning, the more critical examination and. testing of supplies, the 
trial. of new products and proposed improvements in processing, the... 
formulating ofcils, dyes, finishes,.and other preducts aneedion to 
plant and customer requirements, and the analysis and physical testing 
of leathers This work is supplemented to.a limited extent by applied 
and fundamental.research by the laboratories ofthe leather and allied 


industries, a few of. the universities, andthe scientific, bureaus of... 


the Federal Goverment... Such research is being conducted along the > 
following lines: .....- 


\L, Brining experiments. and application of results on a: Limited 
PCLB1 A60RGe! 6 Gides and selina 
» JoBoo The, celd storing of hides and skins.~, 

A» The. possibilities of better, curing. through the addition to 





salt.oef chemicals highly effective in preventing growth of micro-organisms. 

















ee 
\% Wundamental studies! covering salt~tolerant bacteria and 
molds, causes: and:preventiom of sd-called salt--stains, and bacterial 
hydrolysis ofthe proteins of which hides. and skins are composed. 





ng of chemical, physical, and biological criteria 
by which the state of. -preservatio! 
cured hidesand skins. can be measuretiand used in buying and sellin 





or, conversely, the spoilage of 


these raw materials. 





jke-tanned leathers to several weeks instead of many | 


months, without sacrifice of yields; quality, and character of leather. 
This problem is. undoubtedly receiving the most attentions oc «> 
hele sdf? dlawidetion ofthe ‘chemistry of vegetable, chrome, alun, 
formaldehyde, oll and quinone tannages, and of the fore-tanning pro- 
ceases of ‘soaking, wmhairing, batting, Liming, and pickling. ~ » 
coe low Geo Fundamental studies. on the: fermentation ofvegetable tanning 
wateriais and the role of fermentation in tanning and on the chemical 
constitution and structure of collagen, keratin, elastin and other pro- 
teins and ating acids of which hides and skins are composed... 
uvconh Qe. Development -of-engymes of animal and vegetable origin for 
Wiaixing. art beating hides, and ekine) +) oo oressing need for slant 
overeat ks » Comparative merits of. animal, vegetable, marine, and, mineral 





oils for use in oiling and fat-liquoring leather. 


coo a> Development ,of improved formulae.for coloring and dyeing. 
leather. gush @e weed Ligue, oludete, fleshings, bide teicelags, 


F 


ive » heed Booey. 











f i ‘ ‘ inves Ne 
. 0 ’ 
A 
} ‘ 
j 
) ; ; , Me f ; ; , 
iti \ 4 4 f i Bi! n 7 _ B 
Q- y RRER?: ; Dah y ie 
te 
. 
vee, 
ta 
\ i ) pee 





es 


)% 


ae | 
13. Development and application of protein, oil, lacquer, 
resin, soap, and wax finishes for leather. 
‘ooo 1d. Development of a truly white tannage that will yield 


leather of a superior quality, equal in its characteristics and 


properties to chrome and vegetable tanned Leathers. 
“o15s The chemistry of leather deterioration in polluted atmos- 

pheres. | 

*.16. Development of either protected leathers or of tannages 
that produce leathers Aamowenniiy resistant to acid ‘boay and atmos- 
pheric corrosion. | 

17s. Stuy of chemical and particularly physical means whereby 
leathers and» leather goods can be more significantly appraised and 
their serviceability forecast to some decree. 

18. New uses for leather. While recosnized as having potential 
possibilities of economic significance to the leather industry and to 
agriculture, this subject is getting only scant and intermittent con- 
sideration. 

19s The disposal’ of tannery wastes. ‘This problem is a serious 
ene for the leather industry and is daily becoming more acute and 
urgent because of the increasing importance of preventing stream 
pollution. This objective, coupled with the pressings need for plant 
opuratl de at the hichest possible degree of economy, is directing more 
active attention to the possibilities in comparatively valuable new 
products that might be recovered or made from tannery wastes and by- 
products, such as used liquors, sludges, fleshings, hide trimmings, 


hair, and serap leather. 
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‘An enumeration of succested research in the more important 


‘fields of work on hides and skins follows: 





“1. The correlation, through fundamental research, of the 
influence of breed, feed, sex, age, and environment of animals upon 
the chertical tomposition and physical properties of their hides and 


tng, DO Lee 


"2. A ‘more intensive study of the influence of external para- 
Sites, such as ox warbles, mange mites, lice, and ticks, .on hides 
and avitim, Wie? aie de Uae pe LY red naw SerectAM 
Caw thew: ae ab ie? 
3, A study of the feasibility of establishing in the Mnited 
States ari erflarged Yoaturaising industry; prihwrily to help heet its 


requirements of skins for making leather. 





4. The development and extension inte actual application of 


methods of curing that will insuré the better preservation of hides 


5. "The establishment of methods and criteria for measuring the 
state of preservation of cured hides and skins. | a. vad 


~~ 6. the seientific elucidation of the causes of salt stains in 


hides and sking and the development of methods for their prevention. 


“°F he ‘determination of the proper temperature, humidity, and 


rate of air flow, whereby meats, hides, and skins may be most rapidly 
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-&- 
dried without trapping moisture in the interior anc with the least. 
amount of protein denaturigation.. 9. oo) 0» 
Utilization: . 

Bu An organiged. study of. the most efficient recovery and most 
profitable utilization of tannery wastes, including used liquors, .._ 
sludges, fleshings, hide trimmings, bair,.and,waste leather. 

9. The development of rapid methods for making vegetable 
tanned heavy Leathers without sacrifice of yard yields, character and 
serviceability. of the, leather, and.with economical utilization of  .. 
warns materials. 

103, The. seeking, ‘eer uaiee fundamental,research, of entirely new. . 
mentbece and agents for tanning hides and skins. 

Lis. The eta ad oils, particularly of. ne ak decile . 
origin, for their more extended use in the tanning, obling,, and: o.<c4: 
finishing of leathers. 
en »d2e,.: The development of. sterile processes for the vagateble 
tanning of leather to eliminate loss of tannin and dependence upon 
natural fermentation for the production of acidity. | 

13. The development of a combination chrome-vegetable tannage 
for sole leather to yield a product equal ts straight vegetable tanned 


leather in plumoness, and ability to be channeled and to hold a satis- 


- factory finished edge. 


14. The development of a tannage producing an inherently white 


leather equal in character to vegetable or chrome tanned leather. 
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15. The che of the abbeinbiiont’ of engzymes of since origin 


for usé ‘ap ‘unhairing and bating hides and skins. 


2 16. the study of a wider application of soybean diego in the 


‘filling and finishing of leather. 

17. The development of leathers for upholstery, belting, book= 
binding, caseg, bags, and straps that are inherently pexintant to aetd 
Ma 12. ‘The ietdeunt of physical, doch, and ‘gecale: rated 
aging tests for appraisins the quality of leathers and leather goods 

and for forecasting their serviceability. 


19. The study of the effect upon human health of the wearing of 


{iathers of different character and tannaces. 


20. An organised study of the requirements of the Army and Navy 
for leather-making raw materials and leather and of the most effective 
manner ‘G which these requirements and those of the civilian curtekion 


can be met in times of “energency. 
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Tere of the United stag ANTMALS Sg ND 
ify Wiest “every Evi Tiaticn Puke Reve’ ‘been wtidhg "the nest °° 
valued articles of commerce, ‘thik was true anonz thé Chinese 3,500” 





years ‘ago, and later among the Greeks and the Romans. In medieval 
Rurope fur was a lutery much sought after - and incidentally, men 
made greater ‘usé of it for clothing ‘than did women.” But it was not 
= ber bye wens am of Hortt America that tiie world fur trade —° 
itable businesd on this continent te attested by the fact tHat an” 
Indian trapper éould often be induced to part with lis wintery cateli, 
wort! hundreds oF adtiars® » for A blanket or two and a bottle of rum =” 
and sips not very good rum. vii | 

il “ith pelts ‘of fur-bearing animals readily obtained and profits 
large, no attention wiatever was paid to the question of the possible 
exiaustion of the gource of this wealth. ‘The more furs there were on 
the market, the more popular furs became, ‘The lwury of the rich be 
Game the necessity of the moderately well-to-do. The trap “Lines were 
rin not less but more intensively, to the profit of many persons, ine 
eluaing the professional trapper, the ‘landowner, » the farmer who could 
turn a few extra dollars ‘without much trouble, » and a large arny of 
wholesalers, factory omers, retailers, and their employees, 

NS “weturaliy a depletitn of fur resdurées résuléed,° “This cannot 
be attribetea “nesever’ Battreip be erisokgbbhess GA ibeppeng. ime 
disappearance of the wilderness, the natural habitat of the for ani- 


nals, Was a major Factor, “Nevértneless; ever today the trappers “and 
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fur ‘farmers of the United States receive @ 260,000, 000° a year for the 
raw furs: they bring to. market. ‘The annual, Wdtait turacover is several 
fimes that Amdunt; in 1029, the peak year, it reached half a billion 
dollars. ‘The United States ‘is, ; in fact, “the Seman Purteneuning 
market in the world. 

AL igdiap Hae eeed & ees world's chief source of fur, the 
United States does not produce enougi to meet mdre than a third of its 
éwn demand, and the demand is increasing rather than decreasing. ‘To 
feet it, trappers still take fur ‘animals from ‘the wild with the same 
extravagant disregard of maintaining or increasing whatever supply is 
teft.” Ody natural fir resources wil’ unquestionably be. completely ex 
hausted unless measures are “taken to strike a” proper balance between - > 
aappiy’ iva Game iLeconela, Minnesota, anc Michigan, and these 
"°° “th this connection there is much need for greater knowledge re~ 
garding produetion. © tt “i not ‘nom, ‘for ‘example ’ whether we are ‘pro- 
ducing 10,000, O00 muskhate ‘a year and trapping 4, doo, 000, ‘or “roduc= 4 
ing 5,000,000 and trappinz 25,000,000. We can be pretty sure that we 
are trapping more than we are producing; but it is ‘important +6 Ping® 
out how many more. In almost every State furs are a source of income 
for some of tts citizens. ‘The methods of handling these resources ~ 
are aluiost entirely haphazard; féw State’ Pame ana conservation commis- 
dions Have given sufficient serious thought to the matter. In most 
States there is ho provision for keepine a record of the furs taken 
etait yet ty te Gabe or “bine of tHe nest Valuab¥e Fir Dearers’- 
martens, fishers, wolverines, and otters ~ the situation has become 


30 serious’ that the United States’ Burau of Bidlogical Survey has ap- 





pealed to all State game and conservation commissions to protect 


them with a 5-year closed period, as the only way to forestall their 


extermination. |. 


Fox farming represents the greatest development thus far in 
raising fur animals under strictly controlled conditions, It can _ 


still be considered a relatively new industry, since its development 
thas taken place practically since the Yorld War. The nwiber of pelts 


so produced and scold in the United States is estimated to have in- 


creased from 6,000 in 1923 to 500,000 in 1958. " 
Foxes are grown successfully throughout the northern half of 
the United States, from New England westward to Washington and Oregon, 


and in the cooler parts of California. . The greatest numbers of silver 


foxes are produced in Wisconsin, Minnesota, and Michigan, and these 
three States are contributing more than 50 percent of the annual crop 


__ Hehe ite The two largest companies in the world producing silver 


foxes operate in Wisconsin. ach waintains about 7,600 breeding pairs. 


The other principal fox-farming centers are in the Rocky Mountain re- 


‘gion, including Oregon and Washington, and in the New England States, 


Illinois » Ohio, New York, and Pennsylvania. _ 
<t has been. estimated that the three loading countries in the 


prodvetion.of silver foxes - Norway, Canada, and the United States ~ 


will produce during the 193¢-59 season about 800,000 pelts; and that 


Sweden, the Netherlands, Denmark, the Union of Soviet Socialist Repub- 


dies, Germany, ‘England, France, Switzerland, Japan, and South America 


will contribute about 125,000 more pelts. This means that the world 
production of silver fox pelts for the season 1935-39 will very nearly 


reach the million mark, 





‘a 604 
It can hardly be doubted that this comparatively new fur-farm- 

ing industry has become 2 permanent part of our agriculture, It has 
net with relatively more success in recent years than most other 
branches of agriculture, and i} promises, still greater developments 
when freed from the artificial restraints and handicaps that at pre- 
sent are retarding its progress, Fur farming fits in well as a side 
line to general farming because it can utilize certain parts of the 
farm not adaptable to growing plant crops or other animals. It also 
provides a winter occupation and brings in additional.revenue during 
the season when both are. needed. to balance farm.operations.e _. 





. Present research on fur animals deals primarily with the pro- 
v ‘iii conservation, and utilization of these animals for food and 
fur. A survey of this research reveals that little has been done,» 
however, dy public agencies to develop fur animals as a natural re- 
source, and there has been no systematic effort on tae part of the — 
State agricultural experiment stations to develop fur-animal produc- 


_ Without a vigorous, conservation. program based, on sound scien- 





tific knowledge there is great risk of completely wiping out one of 


the oldest.of the valuable resources of the country. On the other 

hand, fur farming is rapidly becoming an important, farm enterprise. . 
if it is to develop its full possibilities, however, further infor- 
mation ig needed at. various points. Tue industry is all the more sig- 


nificant because it does not compete with any other kind of farming. 
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The Department of Agriculture, realizing the comercial. impor- 
tance of fur in-industry, has inaugurated a program of research the 
objects of which are: SHTUE ABSRARCE 
1. To determine ‘the denand for raw materiale Fey $1 ie 
g 2. To explore methods by which the supply of raw material may 
not only be maintained naturally in quantity but also be improved. in 
quality. | pene: 
EES ig RLO Génduct ‘research in the leboratory and.on experimental 
farms in the production of fur animals for meat.and fure 0 
| These last two types of research inciudes (1) Genetics; (2) .em- 
bryologys (3) feeds and feeding; (4) fur storages (5) .fur technology; 
(6) economic problems in management and operations. (7) statistics. 
This work has been accomplished through three fur-animal experiment _ 


stations operated by the bureau ef Biological Survey and also by Com. és 
‘Operative studies with other agencies. Cooperative studies with _ 


other Federal agencies: on particular phases of these problems are as 
follows: — imerciy ‘ey ps os egeipee: 
ul tanto with special reference to fur produc- 
tion and technical studies of fibers of fur animals. — 


4. Karak 





“-" $e The influence of animal life factors upon the quality of 
the raw ané tanned fur skinse (= noe fourntetion cas 
_ Cooperative studies with agencies outside the Federal Govern- 
ment. axe as'follows: — 
8 6s Reproduction of the minks and muskrats, 
» Puig Nutrition of fexes and winks. 2) iiier mab tect 
“8, Assaying livers.of:minks and foxes for vitamin A content. 
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9. Determination of the value of various North American furs 


for felting purposes.. 


_ » » Without extensive controlled experiments, all. breeding and feed- 


ing practices are of a hit~or-miss nature. Experiments with fur ani- 


mals are exceptionally costly, not only in the matter of equipment, 


but also in the time involved, for breeding stocks are expensive and’ 


practically all species produce only one litter a year. Im addition, 


scientific training and the ability to conduct research are required, 

and the economic results of any given project are by no means certain. 
Private breeders are not likely to do much experimenting because they 

mast confine themselves to operations that are fairly certain to pro- 

duce immediate profits. Fur-farmers' organizations or wealthy produ- 

cers might undertake some forms of research work, but men change their 
minds and associations change their policies, and under these condi- 


tions there is no assurance of continuity. There are many reasons why 


fur~animal research mist be conducted primarily by properly equipped 


public institutions, but. this ean be done only in response to a-suffi- 
cient public demand and with the active support of those whko have a 
stake in the industry. — 

Im order to place fur~animal production on a foundation compar- 
able with that of other branches of agricultural production fundamen- 
tal knowledse is essential, and this can be optained only by a compre= 
hensive program of research. Such a program mist be organized to give 
more fundamental knowledge regarding several little-studied subjects. 
It should include the following: 





ie 


» 1. Research to give more exact knowledge of the reproductive 
eycles of fur animals, Such knowledge could be applied in several 
ways. It would be of great value (1) in determining the proper trap—-. 
ping planet restoring and conserving fur animals, (2) in attempt- 
ing intelligently. to supplement the _—o supply by restoring and 
transplanting, (5) in insuring success in producing fur species in 
captivity, and (4) in making possible a more efficient and economical 
control of predatory and other injurious savin, The object of re~ 
search on reproductive cycles would be to sewebtial definitely (1) 
the breeding period of valuable fur animals, (2) the number of lit~ 
ters and young produced yearky, (3) the type of embryonic development 
(whether uninterrupted or with a delay in implantation), (4) the hor- 
mone control of the breeding cycle, (5) the feasibility of artificial 
insemination in those species that might be raised in captivity, and — 
(6) possibilities for producing or maintaining reproductive fertility 
by hormone or other treatment. : 

2, Breeding experiments with varicus fur animals under con~ 
trolled couditions, These should be conducted to study the inheri- — 
tance. of prolificacy and fur quality, which includes color, sheen, 
and density. In all animal breeding it is vital to concentrate on as 
email 3 numberof objéctives aa possible, Measurements must be de- 
vised to evaluate all characteristics with sreater certainty, especial- 
ly those determinize fur value. When genetic factors (genes) might be 
directly useful, as in ‘the case of coat colors, they should be deter~ 


mined so far as possible. ‘They will doubtless prove to be extremely 
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U 
coupler, but even on color inheritance neatee that Pig tiga 

re be done. to aeereg gate definite traits of this icind and to breed 
for: then, eantiine, to use breeding stock of proved perfornance, as 
determined by ‘the i geny test and by dependable records of parental 
character istics, would be to approach the problem in the wey that ae 
proved to ve of such great value in other brahches of Livestock Licey 
| a. Research on n digestion and | aetabolisn of fur aninals, the 


chenieal composition of their foods, and the part played by various 


foods in growth, fattening, maintenance, reproduction, and te eco- 
nunsniil production of peste of hes quality. gre teeta no reneareh 
has been He oe are along these Lines. with few exceptions, fur ani~ 


nals are > neat eaters. The maxim and ninimm quantities of red neat 


that « ean be fed during the various Iepogeie of development should be de=- 


termined, ‘Sintlarly, there should ai neasurenents for efficiency of 


feed utilisation, since the cost of feeding is a large part of the 
cost of production, Some werk has been done to determine the valu 
of serena; vegetables, and protein supplements in the ration, but it 
should be expanded. ‘These and many more nutritional problems when 
adequately solved will enable fur-animal breeders to proceed more 
surely, safely, and efficiently, 

| 4. Studies on the constituents of the hair and leather compris- 
ang fur pelts. Such studies should include physical and chemical 
analyses of the various parts of the fur skins to determine what they 


contain and how they are constructed. After this fundamental know 
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ledge is available, and in some instances without waiting for de- 
tailed results, a variety of related studies should be made. 

Several types of such research have been strongly recomiended. The 
chemical composition and physical character of fur of superior quali~- 
ty should be established first; then experiments should be developed 
further to determine influence of breeding, feeding, sex, age, season, 
environment, and type of animal upon the composition, structure, and 
quality of sins and their “Pursmalcing value. The problem would be to 
determine the Zenhar?. 6 Oe ae ere atione that contribute to 


i uae removal of 





Subsequent curin SONGS | ‘These are needed for 
. ay raw aay as “Gpsesad to the finished or 
dressed fur. A second important phase of this practical side is the 


economic utilization of the carcass either for animal food or as a 


' Source of raw material for other special uses such as animal fats. and 


glandular products. 
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A vinesanalhane of the ‘scope and sect character 
of research work initially to be undertaken by the 
four new Regional Research Laboratories of the De~ 
partment of Agriculture, under Section 202, Agri~ 
7 eultural st rs bl det of head in ecg quae 
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PART IIT “@% 





Ks comprehensive research progran ‘to further the “Andustrial 


wtsiastion ‘e agricultural nsterials ey out Lined on Part Itt. the 
purposes of ‘this part of the report is to ou line in a cone ensec form 
the coordinated ‘Anvesti gations to be undertaken initialy in 4 he four 
new ‘Rectonal Research laboratories fn ‘cooperation ith existing Federal, 


state, and other research organisations ’ and the nethods of app proach 


‘that, wil be used “This part relates only to those comodi ties which 


the Departaent of Agriculture has designated for initial attention, 3 


CRG AAP deotaath ik a 
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ate are many “thousands of tests or Anvest gations that tight | 


| nes undertaken « even ig the ‘st were Linited to problens relating to 


only a ‘few ‘sertevitural ‘comoditios. A random selection of projects 
from sush & List would result in inefficient, if not ineffective, ; 
researche | in orderly and carefully planned set ¢ of * projects is ‘necessary 
if ‘at an early ‘date any useful remits are to be "guinea that ‘may be 
proaptly applied by pedo for additional : manu facture based : on @:; hgrie 
cultural comodities. ‘The research section: of ‘Part ur ‘undertoke to 
outline as ‘systenatic an | approach to the problen : as can be presented 
at this stages "\ nore com: mclete progran wil vecome possitle as the 
details ‘for the peed ay projects of the new 3eglonal laboratories 
are re developed daring the c coming months. Cite 

— in spite of ‘the preet variety of agricultural comodities, nost 


of ‘them are mde Up principally ‘of certain comson constituents és starch, 


sugars, protein, fate and alls, cellulose, and a ‘fen others ‘which are 
less 5 well” ‘imom. A ened program of yescsreh takes sdvantage of | 


bea auadteim: TLL $iad 20 eokinoe . 
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this fact and arranges that. much, of the experimental work and engineer- 
ing development will deal with these common constituents. ‘The results 
of such a-plan are, therefore, applicable in a practical way not to 
wicultural commodity alone but to several. 

arch work planned for starch is an excellent illustra~ 
. Studies on starch made from corn might be 
y¥ Plamed as to ce applicable only to corm. Instead, the 
proach to the starch problem will be through a study of the 
al characteristics of all starches, as well as the particular 
5 of etarch from individual commdities. The results, 
therefore, will be useful for corn, for wheat, for barley, for rice, _ 
and for other grains, and they may also be applicable to a large extent 
to starch produced from white potatecs, from sweetpotatoes, or fron 
other tuber crops. ‘When such general results are available, their | 
application to particular crops can be undertaken, and the most advan— 
¢ageous .coubination of raw material, process, and product will, it is 

oped, result. 

while it.is true that the bulk of most agricultural com __ 
modities 1s made up largely of a few comin constituents, it is also 
true. that the character of a commodity, the thing which lends it in- 
dividuality anc may largely determine its value, often rests upon the 
pregence of one or more constituents which are peculiar to that com 
modity alone, or upon the ext. ar physical structures . 
Thus eobton is not. sattinlta 86 sehen it consists mainly of cele ._ 
lulose,as because of its very peculiar fiber structure. The market-_ 
ability,of.a food product may depend more upon its flavor or texture 
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“Ge the Production of tte commedity on the farm, in relation to the 


economies and the piysteal ‘and chemical characteristics of the com 
3 discussion of this type ‘of Besearch will be 
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— 9202 = (¢)s In carrying out the purposes of subsection (a), the 
Secretary is avthorized and directed to cooperate with other depart 
experiment stetions, and other State agencies and institutions, coun- 
ties, munitipalities, business or other ervanisations, cercorations, 
associations, universities, stlentific societies, and individuals, upon 
such terms and conditicns.as he may prescribe." 








The primary concern of coordination is the elfective use of 
research resources, consisting of personnel, facilities, and findings, 
in the secomplishment of mutual objectives. Vlamning of such coordina= 
tion of the new work with that already in progress has een made pos~ 
sible by the comprehensive Survey of present activities which has been 
reported in Part Il. © 

Both the chemical engineering and the pure science studies of 
the new laboratories will necessarily be tied in with studies of an 
agricultural nature. The work of the Department's Soybean Laboratory 
at Urbana, Tll., well illustrates this principle of coordination. 

The work of that institution and its cooperators includes genetic and 
agronomic studies on many veriebies of scyveans, so that the laboratory 
workers have irom the field experiments, which are carried out by the 
Department in cooperation with the State experiment stations, a product 
whose cultural history is fully nom. “hen the laborstory studies 
are completed, it is possible to tell which varieties of bean, or 





whet ‘other factors, such as climate, soil, or weather, are inportant 
in preducing a raw material that way be most advantageously utilised 
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on, Anaring 4 ere and aneckiep, of the new jaboratory buildings, 





sated that a much more detailec study of the research 
progren ina “ pace by the key members of the staffs of the 


daboretories, . whe. are now being selected under Civii Service procedure. 
Tt is Zo, 





rtunate that the senior members of these statis een have several 
months for Sovenbne study of the Survey results and for further con 


ferences with persons within and outside the “epartment before the com. 


plete staffs are chosen and the final seleétion of apparatus and equip~ 


ment for the laboratories is made. uring these months this prelini- 


nary outline of the programs will be matured and made more detailed 


for each comuodity and for each phase of the work. It may be that some 


important changes, even partial reversals of plan, may be neces= 
serye This point is emchasized in order that those studying this ree 
port may not get the impression that the following sections present 


a finished or unchangeable program of investigations 
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epartment has been to strive for new and extended 
in the estatitchnent, of, ioe new Vanriaaitins usually requires that 
nonfood, and perhape also nonfeed, applications of these comuocities 
should be made. The general. policy of the Departaent regarding these 
phases of the subject has. saeaathy ‘won presented in Part I ef this 
report. Part IIT should be read in the light of that statement of 
polley. Part 

Tt should also. be clearly understood by the reader that the 
Department will regard the wltinate success in research as best 
measured by practical industrial applications of results. Res:lts of 
research represent merely a satisfaction of scientific curiosity, not 


a useful thing, until actually applied, especially when the projects 
relate to such 

















al matters as are being considered in this report. 
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A list of the commodities and the more inportant constituents 
for which programs are presented is given below, Titles of the proe 
grams dealing with constituents are indented. 





Corn Peanuts 
Starches and Surers Apples 
Notor Fuels Fruits 
Yernentations Citrus Fruits 
Wheat ae She Pectin 
White Potatoes Rie Vegetables 
Sweetpotatoes Alfalfa 
Agricultural Wastes Dairy Products 
Cotton Fiber Proteins 
Cellulose Tobacco 
Cottonseed 


Vegetable Fats and Oils 
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and characterisation of the proteins of the om kamel, of gluten bye 


products of milling operations, ani.of fermentation residuess deterni= 











cet 3 OF bie 














mations will be made of the puysiowl and chemieal proporties of the 








dieoniaienes induetrial uses of tece mavanialny See also 
Preteingy Past Tite: stare eg La” Gee ee 


a ED pe Ee USSR . 
GUAM tee geen 
iy? Gehl Le Sn Oe Ae 


Rie a  S 


Ss Re ey py Oy Ae 


lt cal Pus ‘ 
ES cae ee on eas es A 
EL Na Se te lla ee ae i 5 





Ge Ctedine auth tee mndtatekeh ef variation: in compositian and 


aeaneneien of.cert.ol) derived from different. types of corn ani 


developing new outlets for corn oils Attention will be siven to the 
Agolation and identifiqxtion of glycerides, fatty acids, sterols, 
prMparties of corn emt uses for these materialise 
snc Rerpebhqahien ultasaeeantelivatiay eiihits hydrel, and bran 
anak in the processing of corn with the objective of producing ine 
cuatrleade wef materialise — 
, Purther, industrial uses of corn are diseussed under ietor Pocls, 











(PART XTI}> 69713 
STARCHES AND SUGARS 
4 Sidhe Sherches from various sources (corn, pelate, A -ecee > rice a 

tepioca), are basically ‘the same, although a physical properties pot 7 
differ widely and the Bg koe pe prprrectiy aoly te ee A blown 
oencal programa on one Bsereh, | for exauple corn or wheat in wnt is also 
applicable ot many ‘respects to other, starches. _ Bavont for uses due to 
special eevee, properties, the price of a starch largely deternines 
the market outlet. the sve stion of which starch is to | be emloyed for 
commercial uses is therefore in part « an economic one. “onzood uses of 
starch and. starch derivatives are _aany,, and the anount annual consued 
for these purposes in Fesent, reat bag, approximated halt a ‘billion pounds. 
Because of the excellent competitive position of starch in ‘comparison | 
with other refined raw materials on aceguet, of its price of 21/2 to 3 . 
cents & spond » and because of the tremendous supplies available 2 & wide 
os. of the present industrial utilization of starch + seems 25 alnost 
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se Modi tied starches, dextrins, rm and eee are 2 prepared tadaee bi 
ertalty Ma heat 2 oxidation, : and “acidic or ensynic treatiaent of starches. 
The unique properties of these products have adapted them to many uses. 
Grusose, | in particular, viich is now nase in the crystalline condition, ; 
hae bean, diverted into nany new r fields.  Gicakes is ‘related +0 other 7 
SUZaI'S y vail as sucrose, naltose, ‘fructose, ho Pond >» ebtc., which are 
constituents or can be “prepared - from | components of fara commodities. 
Since si eng 3 |< por pall are cemloyed 1 in ‘studying wings manipulating all 
ugar Me a | sound ant efficient progran should ‘Seginde investigations on 


usars as a “whole. However, hii "he pet or Shane —. are fe lh 
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different, ‘and in‘nany ¢ages they would not be expected to be utilized 

for Similar purpdsds lee men ee ths 
8 “Progress 4h our knowledge of the starches and sugars has been 

‘Slow because Of ‘the Handicaps associated with: (1) The great difficulty 


is. By crystallization; (2) the lack of methods 
for obtaining struetural information; (3) the difficulty in obtaining 





‘Weaetion with specific hydroxyl groups in large molecules; (4) the com 
plexities introduved by isomerization phenomena; and (5) instabilities 
associated with the aldehyde sroup. The reactions involved in process- 
ing these materials industrially are depolymerization changes, hydrolytic 
reactions, oxidation reactions, and decomposition due to heat. The pres- 
ent methods of measurement used on modified starches and dextrins are 
generally arbitrary and have no significance outside of the laboratory 
making the direrni tatagiis:: Since the physical and chemical properties 
determine the industrial ovtlets, fundamental information regarding such 


- properties is required to facilitate expansion in this field and to 


develop:néw uses. An extensive and long-time research program should, 
therefore, be condueted on the biological, physical, and chemical proper- 
ties of starch, modified starch, and simple sugar as an essential basis 


for developing new and extended uses. 





., le Effect of environment and of varietal an cenetic factors on 
the deposition, structure, and composition of the starch granule and its 





Se 
constituents. This phase wi2L be an cooperation with the related produce 
sien research of the Departnent and state experiment shatione. Of par~ 
ticular ¥ value is shearing information on the structure of the starch 
price, will cd Birkin ge sng a pee ne erey investigations. 





Purification and | ractionation: as, haces 


t 2. “Relation of gramile to kernel nati Anvestigation of a 
possible change in state on isolation and purification of starch pre= 
paration and comparison of starches fron Hitieen: upecien of punta, 


including studies to ‘Ghecuins causes ‘tor differences in physical proper= 


tobe 


Stee ‘among ‘starches hid Base Be de my seperate bs rhage be from varjous 


sources into its constituents 5 by new or yertined chemical or physical meth— 


} ods under aqueous or ‘nopeaqueous conditions comparison of. starch fractions 
and study of their Pelati ve importance in influencing the gross, properties 
of starch, These investigations are designed to promote. the rational ex- 
tension of tapeh uses _Shrough clearer nce be sae and better control 2 
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of its physical properties. sacle 
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a Bi Development of physical. a and chemical methods for quantities 
tively estinating and Ldgntd fring starch constituents and their simpler 


SERPS | 


mites determination of the components of starches fun vaeioun Sources e 





4s Determination of properties of "organized and Riser gente 
cope OC. 
starch gramiles ond of ii starch intvakines, aud their eatin, 
pores as viscosity, elasticity, etc. Such methods as osmosis, sedimen- 


tation, etc., will be applied and an investigation of molecular films... 
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hw 
made to obtain data on size and shape of starch molecules in order to 
establish a working basis for further studies in the development of 
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den of starch to derivatives by means of various tech- 
niques, such a8 esterification, oxidative degradation, phosphorylation, 
ete. ‘ Methods will have to be developed to change starch inte polymeric 
derivatives. These studies are of particular significance in develop- 
ing thew tises for this class of compound. 
Constitutions 
3 - 6 “Medi fteationvef sirface of starch molecules, including molec- 





ula? fins, by chemical and physical means, and subsequent changes to 
secure information on the mmber and kind of groups on molecular surfaces. 
Hectemeer aki etpangenvittced the glucose and other units will have to be 
determined by degradative and synthetic reactions. Modern concepts and 
physicochemical methods should be employed in the elucidation of the spa- 
tial configuration and structure of starch and of the primary and second-— 
ary valence forces. The nature and significance of trace constituents 
require aera cme ALL of these investigations on the constitution 

of starch have in view the deliberate modification of its properties in 
order ‘to’ open up new possibilities of uses 

DIFIED STARCHES, DEXTRINS 

_ Proposed investigations on modified starches, ete., are as follows: 








7. Conversion of various starches te modified starches, dextrins, 
and gums by ensymic, chemical, biological, or physical treatment. Mbthods 


for controlling the hydrolysis of starch and for isolating intermediate 
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Th? 


of wider, utility for these mbstences af their properties can be fixed and 
the undesirable Rs ht aches of hydrolysis eliminated. _ 





| ree ‘Determination of  eolteidel,. physicals, ang chemical. properties 
and nd developaent of methods for _polymeriging.. modified starches and dextrins. 
These studies, on general, may be expected to be similar to those. outlined 
above for starches. 


| Studies on sugars will includes. 





, me Determination of rmarins, of. the various ininibiitaes forms 
of glucose, fructose, xylose, etces of sucrose and maltose and their 
derivatives; of sugar solutions; and of mixtures of the sugars. Various 
physicochemical methods, such as spectroscopic, polarographic, etesy will 
be required in the search for structural information. Analytical methods 
for quantitatively estimating the sugars should be investigated. These 
studies are essential as a basis for developing new and extended uses 


of sugarse 


| “1. re of sugar derivatives and polymerized molecules . 
wes various new and improved chemical techniques... These studies are ex-.. 
pected to lead to pew Andustrial uses of sugarse. 
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Givilization has been revolutionized by the development of the 
internal-combustion engine as a source of mobile and stationary power. 
In thé Uilted States, present fuel miterial for internal-combustion 
engines is practically Limited to petroleuz, of which our national 
_resérves hay be exhausted, “aceordins to present estimates, ir perhaps 
25 years under present increasing rated of consumption, Newly dise 
covered petroleum deposits are estim+ted as not equaling present con= 
sumption, with seemingly lessening chance of future discovery of ade- 
quate reserve replacements. Replacement fuels from other sources 
mist eventually be developed and brought inte use. The importance of 
adequate supplies of fuel as items essential to national defense can- 
not be overemphasized, The possibility of supplying such fuel require- 
mentS froa artually renewable agricultural crops ‘or crop surpluses 
such as corn, white potatoes, sweetpotatoes, and wheat, by-products, 
or wastes might be of national benefit, not only for conserving present 
petroleum reserves, but also as a means of absorbitic crop surpluses. 

~°"""Meohols and other chemical products suitable for use as fuels 
can be produced from agricultural matériale by various methods, but ~ 
under ’ present “economic ‘conditions and using present production métheds 
such potential fier Watertais are relatively expensive? Me ‘achtevérient 
of a replacement—fuel industry ‘on a national scale will very likely in- 
volve certain economic changes, and such an industry may have to be 


guided through a period of change and development, 





| gle, 


| Introduction of nee BL igh of — ay considerably compLli-~ 

| cate present methods of heir pee may require standardiza~ 

| ‘$ien of BL ‘fuels sold sow automotive purposes, because of the vary~ 
| ing costs imvolved in the production of the several components of 

! t4é ‘fel as well as in the production of any single component at 
@itferent’ geographical points, Such production cost variations will 
| ‘Be particularly important in fvels from agricultural sources, which 

| @annot be Limited to a single agricultural commodity but lay be pro- 
‘from any Starch or sugar material or even from wood. The re- 





search should be applicable with modifications to a variety of 
« Relative costs of fuels produced fron high-grade or 





low-grade corn or similar raw material must be established. Cost 
of ‘prodtiction of Agricultural fuels mst be related to a common basis 
g0'As to equalize geographic or varying raw-material limitations. _ 


Phe problem of commercializing new fuels in such a manner as not to 
disturb unduly the existing industry contains elements of special 
| ty. “Commercial progress both here and abroad in the im 





provement of fuels, and in thé improved design of engines to utilize 
théaePhels) mast be Constantly folivwed’ tn oniection with ‘the Labo- 
ratory research én this subject. farther céreful review and appraisal 
in this comection may proceed sigiiaen dy while the laboratories are 
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can be namafactured fron agricultural materials. vethyl, etyl, ‘and 


baby alcohols nay be specifically mentioned as s probable starting 

points, > “but higher alcohols and elated derivatives or ‘compounds pose 
sess potential values and wil, ve c sonsidered. investigations of "the 
production and use ‘of athe possible Liquid fuels, such as colloidal 
solutions of starch ’ will be considered. These studies wil include 


pilot-plant operations f or ‘the production of the ° various ‘coupounds 


concerned with the objective of developing adequate cost-ofmproduction 


data, ’ which | depend for their evaluation not only on processing methods 


put also on the utilisation of the “by-products ¢ of "the processes ine 
volved. (See also Fermentation.) 

Gaseous and solid £uelst 

| — “Carbon nonaride, Byereaaes + and methane are producible from 
agricultural materials in various ways, . “and attention will be elven 
to new and improved ‘methods Ter theis ‘production, — These nay py ‘eu= 
ployed « as "fuels directly or may be synthesized into ‘other products 


for use in internal-combustion motors. Studies will be Gaveted ad 


to the evaluation of processes ‘for ‘the production ‘and ‘direct ‘employ os 


ment of solid | fuels, * which : may include | such a material ¢ as ‘pulverized 
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corn as es eet cellulose, lignin, carbon, etc., all of which 


are ‘obtainable ‘f¥on farm materials. The use of such solid substances, 


however will veconalcace ee dealing with the design ‘of suitable 


She] 
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meters for thelr pore Rene exploitation as ; fuels. c 
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Stry 4 feet, of the devel onset of sogeikic 
ee Investigations ‘deal ng with the design of process equip- 





nent, with ‘the objective of Pedueing pr ge ‘costs: ‘or achiev- 
ing “other etl gmamate ef the ‘fuels under “tnventigation: are of great 
inportance. “Hieduction in ‘cophtal or “operating ‘costs of plants de- 
signed ‘to roaion the ary els under consideration from agricul~ 
Sat wetrieie Wk be oF ahh teaitos in the development of such 
fuels. Study of improved types of engines will be undertaken with 
particular reference to their adaptation to various fuels. Perfor— 
mance tests with motors in current use, as well as experimental 
types of engines using various fuels and blends, will be continu~ 
ously under way, Studies of possible standardization of blended 
fuels will be initiated. 

Fundamental investigations: 

4. A broad program of studies dealing with the chemistry of 
combustion as it occurs in motors will be initiated. These aeiatew 
will include the combustion characteristics of various experimental 
motor fuels and their blends, as well as investigation of the effect 
of added substances on the behavior of these fuels in internal-combus+ 
tion engines, The information developed from such fundamental studies 
is of the greatest importance in the Gveinnts of the suitability of 


the various fuels for use in motors of different types. 
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eel : ‘Beonomie studies will be instituted on the use, distri-: i 





ution, and marketing problens of agricultural motor fuels. “Ate 
tention will be given to the impact of such fuels on’ existing ine © 


dustry aswell as to the effect of the development of possible 


future competition from fuels producible from other materialsy .°. 


Studies willbe made of problems connected with geographic distri~ 


sources. for motor fuels andvof the relationships which, overn lo 
cations of possible producing plants, | 
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* Bet entd Pie: alivetian of micro-organisms to ‘effect desired ice 


an erage ona 


chenieal changes which result in the : production of definite chextcal 





Si ad other ‘seo has been receiving increased 





hed past 40 years . ‘and 4s now of considerable indus- 





ce. “Tn “general, carbohydrate materials such as starch 
white ootat ome My and sweetpotatoes are “employed in sash fermentations 

as the starting substances fron which a wdde variety of chemical pro= 
ducts ie obtalhed. The nature of the new substances so produced is, 
of course, dependent’ on ‘the starting Titerial as well af on he parti. 
cular organien employed, and on the cultural dondi tions used in’ condue~ 
ting the change. “ins fermentation is a genersl. research tool oe oe 
certain ‘desirable wut WifMoult and, in some cases, fa po impossible 


chentes a Shans s of ' carbohydrates and other r organic compounds are “brought 


Coppaoles ere Trequent.iy wee cree 
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“The many ports Peg ‘of acters, yeasts, and olde available differ 
sitely i their abidity” to effect the changes desired. Some micro-organ— 
sas can transform carbohydrate material efficiently to one or more of 
such various materials a: as “Sueonic acid, “lactic acid, ‘eltric ‘acid, " sorbose ’ 
acetone, ethyl AN iy “butyl ‘eleohol, ‘ete. Many other crpaniins, howe 


Beosergen by pa ae Poe ae ee ee ve ee Re aniie 
> are useless” ‘tor one reason or pe oy In most of such instances 
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sfore of the utmost importance. Investication of 





able species is ther 
the biochemical ‘activities of various micro-organisms leads not only 
to the discovery of the most Suitable organisms to be employed for a 
certain desired transformation, but also may result ih the discovery 
of new and unexpected products, Of equal imoortance with the selec~ 


reds the determination of the optimum condi~ 





tion of the proper © 
tions under which it may effect the most rapid end efficient chance 
possible, Tt is necessary to study in each case the effect of the 

Kind and amount of accessory nutrient materials, the concentration of 
the substrate, the acidity of the culture medium, and many other fac- 
tors which vitally effect the yield of product and frequently deter- 
mine whether or not & given process ati be cttployed successfully. 
“Mach of the researcti in this field is highly empirical, The 
successful use of many fermentation reactions in industry has been 
brought about only through the most painstaking and diligent effort. 
Obstacles are frequently confronted for which no solution is possible 
_ in our present state of knowledge. In brief, this is due to our leek 
of a true understanding of many of the fundamental principles involved 
in the physiology of micro-organisms. These have to do primarily with 
the various phases of reproduction, growth, and the development of sub- 
stances within the ell which are required to carry ‘out or condition 
processes by which nutrients are transformed into metabolic products. 

- The need of such basis tmowledge will become more and more ace . 

centuated unless fundamental research supplies the deficiency in some 
measure. Research of this character is difficult, time consuming, and 
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‘only remotely related to a given problem. Never- 





sil) beatae RG 
theless, such an approach holds the greatest promise for the eventual 
solution of ny tps: ‘problems encountered in the application of 
fermentation reactions to the development of new and extended uses. 





° L.. Availability of an adequate collection of suitable micro- 
organisms is of first imoortance in the development of an. intensive 
yesearch program on the fermentation of azricultural commodities for 
the production of industrially useful materials. At the present time 
no representative collection of organisms including: yeasts, molds, and 
bacteria is in existence in this country. Procurement and maintenance 

of such a collection will require an experienced staff. It will be 
necessary to carry on a contimous program dealing with the subculture 
and identification of the organisms in the collection, in order to ine 
sure the preservation of their desired biochemical activities. This 


phase of the research may well be started while the laboratories are 


being construeted and equipped. 





2. A continuous experimental survey of the microbiological ac~ 
tivities of the organisms collected will be undertaken. Particular 
emphasis will be placed on studies of the effect of environmental and 
nutritional conditions on the production of metabolic substances, fers 
mentations which offer potential industrial possibilities will be further 
investigated in greater detail.in relation to development of new and ex- 
tended uses of agricultural products and by-products. — 








3. Pilot~plant-scale studies of fermentation processes will be 


initiated when these processes give indication of incustrial application. 


Such studies will include the design of special equipment, the evaluation 
of their possible uses as well as the preparation of derivatives which 
have industrial possibilities. 





4. Broad investigations will be initiated dealing with the con- 


version of starchy materials into simpler fermentable forms such as 


maltose and glucose. These investigations will include biological 
agents as well as purely chemical hydrolysis. The saccharification 
process underlies many of the current industrial fermentations now in 
use but its chemistry is at present only vaguely understood. The devel- 
opment of cheaper methods of saccharification of starch is an important 


factor in the improvement of present methods of production of certain 


motor fuels from egricultural comnodities. 





5e Fundamental chemical and physiological investigations of the 


biochemistry of fermentation processes, including various phases of the 


reproduction and growth of the organisms concerned, will be undertaken 


on a broad scale. Further knowledge in this field is badly needed and 


any clearer understanding of the reactions and processes involved should 


result, not only in the improvement of known fermentation processes, but 


also in the development of new and improved methods for the preparation 


of industrially useful materials, 


The fermentative production of alcohols is dealt with in the 
program for Motor Fuels, 
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°C Wiest “acreage, prédvétion relative to areas, farm income, types 


‘of wheat, ‘erop \Sispoddt, Gurplds Situation, and donestde consumption 
ave "Soon “dissed UW Part Er. aiiere H¢Ys pointed out that on the 
‘average, 55°4/8 ‘Million acres were planted to wheat during the 10-year 


period 1920.86) wit Ui Wraps MAI Viera SP d66 unten ‘bushes, 


‘that wheat is the second most, “Riper cash crop of ‘Amev‘ican ferns; 
‘that nost of the sound 
“ty Yoods dna ‘feeds; dna that the averaze export of wheat from the 1 





an spade wheat grown finds its ultimate. use 


‘United Stated lias declined matkedly in the past 20 years. 
(ole Wye’ comositién of whéat varies considerably, depending on 


ay nd Siw OL, Conde” Bots Bote Bhd had wheats ake 





paadls or -epcoremegd 2 percent germ, 14 peveent: ig and 84 per- 
soft and hae wiéat’ Seeurd tn the protein content, that of soft wheat 


| the chief difference in éhemlcal composition of 





erated around 10, percent and haré wheat averaging around: we per~ 





there is & Gorisiderable Pange in protein: ‘content in 





both these types. Starch content of both types is around 60 percent, 
with that of sort wheat ranging a few percent higher than hard wheat. 
Oil and ash content ranre sligitly ‘ander’ 2 BePeent on the seinen 
while fiber averaces Slightly over 2 percent. 

“From this brief statement eoticernins ‘eomposition it is evident 
that, aside from utilization of thé whole wheat kernel itself, r Tadue- 


‘trial uses for wheat must dépend primartly on the development oP ber 


outlets for starch and to a lesser extent for on eae noe Buse 
tives: of these | WOR TEE Ars ct x) 8 ee 
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In the harvesting of waeat enormous tonnages of straw are pro- 
duced annually... While some, industrial uses £ or this material have _ 
been developed, they require at present comparatively negligible quan- 
tities. Propesed research dealing with wheat straw will be found in 
the section of Part Ill dealing with Agricultural Wastes. . 

~dndus trial preduets now manufactured from wheat, other than 
bread (using that term in a broad sense) and animal feeds, are rela- 
tively few in number md small in comparative tonnage, This is the 
consequence, in part at least,.of the distinctive properties of wheat 
whieh facilitate its. conversion into attractive and readily available 
food.).Thus. wheat flour is the only kmowm plant product which can be 
converted into a peste or dough possessing the requisite ductility, . 
elasticity, and other physical properties to facilitate the produc- 


tdon-ef leavened bread of good texture. The fairly direct route fol- 


lowed, by wheat and wheat. products from the field to the dining table, 
the relatively small waste en route, and the ease with which sound 
normal: food: wheat can be stared and hacdled against, periods of short- 
age are factors. which have contributed to the importance of wheat in 
domestic agriculture. ....... ) in the hreedi P mustered 
voy Thus, asa cereal, it must be cousidered as a comparatively _ 


cheap food. At. the same time,.ii mst,be regarded as. a relatively __ 


expensive souwree of the conventional raw materials such as starch, 


proteins, and fats, comonly derived from cereals. To compete with 


other cereals in the field of industrial utilization and with corn in 


particular, wheat must either lend itself to the production of unique 
products tuat,will,cowmand.a propertionately Ligher price, or it must 
be protected by some sort of direct or indirect subsidy. 
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utilisation of wheat at appears that, an adequate and continuous: e6o~ 
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nomic s survey mst be maintained concurrently. ‘Thus the fasteatine 
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se be Shei & big Oe iat aerials 
upon the availability mo iorogy a the b pepe at whieh wheate: gee be 
ie €6Studies wi ie ? — 
had for oageiobrderns operations outside the ‘food fields. In fact, 2 the 
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appropriate procedure in developing 1 new indus tries will be to build 
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the latter around those wheat types vanieh are re represented : in the 
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largest proportions 3 after the food ‘roquirenents of the United States 
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This economic survey - also should be. so ‘maintained as | to ‘yield 


win 3 ; b “ . 
kai niae t aay SD \k be gg Ct 


data respecting oupplies of low-grade and damaged wheats ‘that are | 


& 


not suitable for fleur milling but might be useful in industry. ‘Thus 5 


bars q -P ars Sea ah H Aris ; 
for example, ’ there brpein been substantial quantities of ‘soratem, , 


Lightweight wheat resulting fron black stem rust epldentes during 


az" ms ove 


i éortain sexes. “These epidenics co not appear every year ven ‘more 


hee oo ¢ 3 Press PSs he ghee Aa Sate 


over 2 plant-breeding practices give promise of substantially reducing 


the quantity of such rust-danaged grain by the breeding of rust—resict- 


rhs. gieal PPM ER 5 ad } 


ant varicties ‘such as ‘Thatcher, pulls “end attain: egirittg wedsthas: Laval 
wt t {ox srial utilization, 
weather condi tions fluctuate irom season to season and result, in turn, 


had: GA Ge i, 1 


= widely “varying quantities of drought-shriveled, and of ficld-damaged 
ee. The combine > harvester : and the modified arvesting and thresining 


practices watch are being introduced ay y infiwence the ‘dina and ‘ature 
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of surplus wheats avaliable in certain areas. “Accordingly, « adh sur 
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‘a anat “am catnnthiand as a (Pepvionsy sheee: of pateiaed economic 


utilisation of wheats in new industries. 
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From a consideration of present and sug egested research on. 


wheat as outlined in Part qi, the following program is designed to 


develop ‘th 1e industrial utilisation ‘of venta. 





. pi ‘studies 5 will be made of variations in content ask properties 
of starch, protein, oi, pentosans * pigments, and other compentnts of 
vheat as affected by genetic and environnental influences including 
disease resistance, earliness, soil types ’ climate, fertilizer echuahal 
nent, and related effects, As with other crops » the genetic and agro- 
nomic work which mst be done : in conjunction with these physical and 
chemical investigations will be carried owt in cooperation with re- 
lated research of the Department of Agriculture and the State agri- 
cultural experiment aghicas in the fielc of commodity pretushions 

2. Surveys will be carried out dealing with the charesteris« 
ties of each, wheat erop re determine wheat types ‘da surplus over and 
above food requirenents > ‘together with date respecting supplies of 
lon-grade and ean wheats. ‘Such surveys should yield valuable in- 
formation concerning the phyeice, and economic availability of suryilus ; 
mhoat for industrial utiLination 


hain 


ny Theat seemed inves ati gations will be undertaken deal 





particularly with reereney of special types of flours or meals for 
possible industrial Usea. ‘Milling, decorticating, « or r peeling and 
degermination | ethods Wi be considered in an effort wl effect tue 
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Physical and nappa studies vit be made on theese. fractions for the 


ae 





& aii ate’ AA Ge gle: 5, 8 pe & Ba» 
purpose of doteraining their industrial 1 wedtty, 
+ iets, Toe ote tae ee ve. 4 oe 


Starch derivatives: oP . 
Cage ea i. mater ee oy eae an 
oe sisal and ‘chemical Investigations of the , properties of 


eae ‘s 
aes aga 


napaling starch will be made to ascertain the possibility of developing 
‘specific Anduetrial uses for ‘is naterial and its ‘nodi fications or 


“Production of starch fran hard and ‘soft honie will be 





a2 * Batensive studies will be carried out as outlined in 
the wabtlnd ‘of part IIT under Starches “a Sugars. Theat and wheat 
aon Set also te veneldered as raw materials for investigation 


| under ‘de progran presented under Fernentations and hace fuels dn 
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| wet we “Studies il be initiated < on ‘the chemical constitution 


and physical properties of proteins ‘from let and soft went, includ 
ing tie” preparation, ‘solation, and char acterization of protein cone 
Siete und derived produéte of thede naterials. ‘Special. attention 

l be 5 piven a the doveloment 9 of “‘sdeqante "eptheds of ‘aalyeie kd e 
opi: Ca car abi is _davehoped ners. See also the sec- 
it, veins in Pert Iit g -* Sie seer [Ot vs TE +8 ge me es os Se 
ar xo a differs gomewnat aceordisig t& 

indy ie ei" the a ial, ea? nonglyceriae fractions. 
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SS ttostionted with particular refer 





at Ay ae the detecuination “at prin 
« ols, vitamins, anti~oxidants, etc., present in wheat-germ oil, and 
the development of new and extended uses for these substances, See 


also the section on Yegetable Fats and Oils in Part ITI. 
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PART TIT 7 





4 definite need exists for dias ity practicable methods of 
strange for other, than. direct. food, use, the annual Supply of cull, 


and frequently second-grade potatoes, as well as providing means, for 





dling a certain proportion of first-grade potatoes during years of 
large surpluses. In addition, the loss from diseased and frozen potatoes 
and spoilage during. storage varies between 5 and 10 percent of the crop, 
most of which could be saved by prompt utilization, 
str BEF OGk, Dae womemat over, trorbhirds .of che pabake sqnsighe of 
water has always made it difficult for this crop to compete as an ine 
dustrial raw material owing to excessive transportation and storage costs 
and to the large losses resulting frou spoilage in storage. fecent re- 
searches on the development of low-cost dehydration methods have indicated 
that it should be Possible to reduce both storage and srengportatson costs. 
| aaah manufacture with, adequate recovery and utilization | of by- 
preducts and the, manufacture of accessory products, such as. specially 
mga fA a Phare er, OR hed phar ehes,, daxtrinay, Pasties, etae, An de 
nand by various industries would seem to be a practicable means of util~ 
ising surplus and cull potatoes. . | 
_ Developucnt ef a profitable means for the industrial utilization 
of potatoes differs scmenhat according to the character of the various 
potatoecroving regions. .For example, «althouch the chemical composition 
of white potatees in the far western region ditfers somewhat from. that 


of white potatoes in.the northeastern. region, from the standpoint of 











industriel, utilisation 1 ‘the ‘outstanding difference between the two 
rege one, is the ‘occurrence of large areas of high density of potato 
production in the northeastern sii notably in northern Kaine, 


menos Rail the far western region such dense areas are comparatively 


smalls In ‘the far western region the problem of transportation of 


potatoes to central points for industrial utilization is the "hottle 
neck," 50 to speak. Primarily for this reason, no potato-starch ine 
custry bas been established there whereas such an industry has been 
an existence in northern Maine for many years. 


_ Domestic ¢ potato starch factories are generally operated with- 


out chemical or other control. fhe percentage of starch recovered is 


quite low, an excessive mca? being lost in the residual pulp and 


waste water. The equipment is to a great extent crude, and, because 
the quality of the starch manufactured is quite variable, the price is 
Se agai below that of deserted potato starch which is preferred by 


many users even at a higher cost. Much improvement in domestic 


methods of processing: is possibis both in economy of operation and im 


provement of starch quality - Establishment of this industry on a 
sound competitive seemed should provide an expanding and profitable mar— 
ket for culls and the wrens portion of the CrOpe 

The following program, which is based on careful consideration 
of current research activities and survey — outlined in 
Part TI, has this om for tts objective. 


ate bas watts ego ke yRotose ne, doch ofehtenod 
8 oo yxteebat eidd to deme Lidetel 








oe a “Re tect of varietal, cultural and environnental conditions 
on the ghemical composition « of potatoes aad on | physical and endoel 


properties of potato starch. "These stedian. will be most effectively 
performed, ‘and ‘duplicative effort minimised through cooperative arrange= 


ments “with ae. ‘Federal and perry agencies which have the necessary 


facilities e already available > for cooperation in the grocushtion shades. 





2. Development of lowcost dehydration processes, as well as 
other means of lowering transportation and storage costs. Variations 
in the sation of potatoes under different storage conditions will 
be studied and the information utilized to develop optimum conditions 
for preserving potatoes for industrial uses. 

Potato processing: 

3. Laboratory- and pilot plant—scale ereriions to develop in- 
proved methods for the manufacture of a uniform, high-quality potato 
starch; development of improved methods for microbiological control 


of processing operations; development of methods for economical pro= 


cessing and recovery of potato starch from frogen and otherwise damaged 


potatoes; and small and pilot plant-scale investigations on methods 


and equipment for the economical recovery of by-products from potato~ 
starch manufacturing operationse 


mt 
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he ‘Determination of the faereseel and chemical properties of 
potato starch and potate starch derivatives and the use of these data 


“an the solution of specific problems in the industrial avplication of 


such ‘products. Chemical, physical, ane eecebasanei: ical investications 


on the production of specially modified petate starches and snenaiaall 


“starch derivatives such as oxidized stapehen, dextrins, ete. 


Tiese studies have been described on @ broader basis in the 


“section 0 on Starches and Sugars, Part III. 





(PART IIZ) 





Sweetpotatoes are the second largest vegetable crop in the 
United States, production in 1937 pope to over 1% million 
bushels having a. farm value of about 65 milion dollars. “About, 60 | 
percent of the lpn the Atlantic and Gulf States 
from North Carolina southward. _ ei ong: aa 
tous «Deeenae, the food market for srectpotatoes 4 338 sonewnat + inelastic, 


an surpluses of first-grade potatoes are certain to occur during 


years, in woich high yields. are obtained, . Moreover, because of the 
BETA he SIRE BR, TOR CI For, he foad. markety dares quantities of - 


guija,cecur, annually, . These consist largely of oversize potatoes 


which in the South amount to. about 20 percent of the CTO. 
. The sweetpotato merits special consideration as an important 
mie in the development, of southern agriculture because of its 


great, suitability. to soutbarn, 8eld.ant, climate, epg pacsues 4% bas the 


possibility of becoming the lowest cost and highest yielding producer 

of starch per acre of all crops grown in the United States. Further, 
this crop may possibly assist in relieving cotton surpluses by replace- 
ment of cotton acreages. The market for starch and starch derivatives 

is very extensive and when fully developed should be capable of af- 
fording an outlet for many hundreds of thousands of acres of agricultural 
production. It should be pointed out that while sweetpotato starch has 
certain properties which mike it especially suitable for certain purposes 
nevertheless, competition with other domestic starches will inevitably 


oceur with expanded production of this product. 


a 6 eidegno ot bivode 





Ee 


Tne research required to establish a new industry is neces- 
sarily extensive and embraces many phases. ‘The first successful 


effort to accomplish such an objective was brought about through the 


establishment of @ starch factory at Laurel, Mississippi, in 1934 

in which the Department of Agriculture cooperated technically. Al- 
though’ some progress has already been made in establishing a sweet- 
potate=starch and by-product feed industry, much research which’ can- 
not be accomplished with funds now available remains to be done. 
Some of the mst ureent of these problems are as follows: The de- 
velopment of higher starch content varieties; improved methods of 
growing and harvesting sweetpotatoess the development of low-cost 
dehydration and storage methods ts minimize the disadvantaczeous 
perishable nature of sweetpotatoes; technological improvements in 
the manufacture of sweetpotato starch to lower production costs; 
development of new and wider industrial applications of sweetpotato — 
starch and derivatives, 9 GS A Oa 
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“°° Bpeking to the solution of these problens » the following 





program of research is proposed? 





“OOO "Ll studies on effect of Varietal and enviromental factors 
on the chenical composition of sweetpotatoes and on the physical and 
chemical properties of sweetpotate starch; and influence of ether 
factors such as spacing of plants, fertilizer applications, été. on 
dhe cuimpesittion UP the Wutlee sy” Hevent Ge putting Bnd harvesting dates 
on the yielé of sweetpotatoes per acre will receive attention. Of 
particular importance will be the development of planting and harvest- 
ing equipment suftable for smalleseale and for large-scale farming 
operations in the crowing and harvesting of sweetpotatoes for indus- 
Gmpsbuieo viarves ond nay produsts: 

Yon tie Geriaeetee OPA ae 18 aw Gramned to Stabe 
Gdoperative relationships with asencies in the Department of Agricul- 
ture, the Laurel, Mississippi, starch project, and those interssted | 
State iene stations which have facilities already available, 
to the erd that duplication of effort will be avoided. 


rage and dehydration investi cations: 





2. Studies on low-cost storage methods for the purpose of in- 
creasing the period of operation of processing plants will be de- 
veloped. Storage methods investigated will include; Dehydration by 
means of chemical treatment followed by the removal of water by 
mechanical means; storage under water in the presence of suitable 
preservatives; and other means of storage which may be originated 


during the course of investigation. 
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Processings eect ad eke ae 

3. “Studied on n development of Lnproved and Rapi fied low= 
cost procedures for the manufacture of a uniform, ‘hi ch-auli ty 
sweetpotato stardh which will Savelvs both laboratory ‘and ict. 
plant~seale e=perinentation ts work out the "various ‘mochanieal 
details of ‘operation as well ‘as to devernine the most ‘gatlatactory” 
types ‘of mechanieal equipment for be progesaes peice. the es- 
tablishnent of necessary microbiological contro). methods in the i 
starch | mamfacturing pr process : the possible 2 une of nicro~organians to 
liberate additional quantities of starch pata ‘the plant tissues after 
completion’ of the conventional ‘grinding ‘and soreening processes} the | 


development « of methods for the economical, recovery. of £ by-products. 





| & “studies on the physical. and chemical properties ‘of weet 
potate starch and sectpotato starch derivatives 3 the industrial ap 
plications of sweetpotate starch and ite derivatives with ‘the object of 
expanding narket outlets and inereasing the value of the raw materials; 
the production of modi fied swectpotato starcla and of swectpotato 2 starch 
derivatives ty chemical and other means s 
sp For 2 more detailed isoussion 1 of esearch. problens see. | 


starches and | Sugars, Part, HI. gi 
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Between 165,000,000°and"t 
tant agritulteral erdéps, This’ is equal in weight to approximately | = 
35 to 50 percerit OF the annual production of coals 100° percent of the 
annual prdduction of petroleumy and 8 to 4 times the annual consum- - 
tion of human food.’ ~ LEGUMES Lele BE apprhs] abe percentaze of 
turdl wastes are allowed to rot’ in the ficlds 











bhea cuayangs rile, agri " 
orare plowed under, but’ sometimes the farmer burns them in order to - 
dispose ‘of the large amounts that remain after the’minor needs for 
feed, fuel, bedding, litter, ard other farm purposes are taken care of. 






industry, ‘principally in the stirawodard and straw-paper industry, in 
the inedifa tig vodns aanin py addin te carom GE heteN, 4: 
“Ped ture to'use the major portion of this immense tonnage of °° 
fibrous material in the manner most profitable‘and efficient for the 
farmer is serious. The benefits of returning’ mineral constituents, © 
organic matter, and humus to the soil through the medium of agriewl- 
tural wastes Ate not questioned, but when these materials are left 
indisériminatéely in the fielas; Gnséct pests and fungus and other 
plant diseases’ become ‘very diffieult to eradi¢ate becausé the contin- 
uously availabié sourde of nutrients provides a fairly satisfactory ~ 
| “me "problem of utilising atricultural wstes satisfactorily 

is challen#ing becduse ‘of the enormous quantitiés! involved end the 





*% The term "agricultural residues," although not so commonly used as 


"agricultural wastes," would be more exact. Cereal straws, for instance, 
play a definite part in the farm economy, even though the proportion 


actually used is minor. 


Me 
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possibilities for producing therefrom structural, insulating, and 


decorative materials, pulps, papers, plastics, feeds, fuels, ferti- 


lizers, chemicals, and many other valuable materials. 


_ To arrive ata wnolly satisfactory solution of the problem, how 
ever, it is obvious that the diversion of a large percentage of wastes 
to industry shovld not curtail or impair the productivity of the land. 

Establishment of industries using an appreciable percentage of 
the immense tonnages of agricultural waste materials now produced an-— 
nually would provide employment for thousands of people. Several types 
of industrial application should be possible. Some of the processes 
developed. should be suitable for use in urban industrial centers and 
others for use in nr areas or by cooperatives, while still others... 
might. provide occupation on the farms. 

it should be pointed out that one of the main drawbacks in the 
utilization of cugpdaen liven wastes is the cost of collection and assem 


bly at central points. For this reason, collection, harvesting, and 


storage will be given full consideration. Moreover, whatever program 
of research is adopted must include not only studies on harvesting, 
collecting: and storing the agricultural wastes neki vee ‘but also 
Similar giudies on the basic crop as well. 
‘The proposed program on agricultural wagtes has been classified 
under the following subkeads: (1) Collection and storage of crop by~ 
tuotes (2) fundamental. studies ~ (a) general and bicchemical studies, 








{b). studies, on lignin, (c) studies on hemicelluloses (pentosans and 


hexosans) and derivatives; (5) utilization of crop by-products — 
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(a) composting a boil enrichment - (>). bailding and other ere ing 
mater als, (e) polping, (a). fermentation, (e) plastics), (4) destruc— 
tive distillation, and (e) miscellaneous he 





| _ Souaauran AND STORAGE OF GOP BY-PROWOTS: | | 
ron "the ne use of ‘scricultural. wastes as raw Mayerials for industry has 
been en urged repeatedly. Rica d ghiet ‘sircadiae advanced for this use are 
the  duhaent low cost of he PAs MOT. oe the vast annual production, 
and the Bh niet Agck of utilization, {Qnly.a a | few of the. crop by-products 
NS Se ee ete industry, lth PEL Ports 
bea Ragen now | sed are concentrated at. 2 given point | in the moral hand- 
Ling of she. basic crop 2 making them available a quantities and at costs 
pony Sora industrial utilization, The use of oat hulls for the 
prodvetion of furdured, i an n examples . The ate £or* of agricultural 
wastes “an he Sie” bas be only 3 a eas) pert of the oonk 8f.0.D. fac- 
tary ‘The Saperee of harvesting, collecting 2 and storing may take | 
Lictanl cat of ve class of Low-post. raw materials. silat al ait ' 
The economical segregation and collection of agricultural wastes 
therefore as of paranount importance in connection with any broad (pro-. 
gram directed tovaras their utilization, subs is DACAAPAry., ae order 
to melee inaee wastes available with, the Toll advantage of their, inher 


ent low cost. | 


Wetat & OU nares, o expos. SAAS gi Re eles Eve! : ES tea So 





Pie _ The. £ following broad project, s should facilitate the solution of 
— problens prgccisted with the collection and storage of asricul~ _ 
tural wasted. 


ct £8 £35 . 2 a 
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_,Ghenical,, ucpiing biologic agronomic, . and economic, . 





studies Tecmirnck hes the harvesting, setinthe., crying, pressing, com 
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pacting, baling, handling, piling, storing, covering, protecting, trans- 
porting, or partial processing of agricultural wastes, including work 


dixected to the prevention of undesirable changes and promotion of de- 
sirable changes during any step. Many phases cf this work will be 


earried cut in cooperation with Federal and State agencies which are 





of loo (Fundamental research on agricultural wastes has not been. 


greatly emphasized, although in a few instances fundamental studies. 
have produced very significant results. The production of furfural 


from corncebs and oat hulls is an example. Much of the present utili- 


gation of agricultural wastes, however, is along lines that are more 
or les# obvious, for instance, in making paper, beard, anc structural 
insulation from straws, stalks, and bacasse. 

\» . Successful and comprehensive utilization of agricultural wastes 
requires primarily a critical scrutiny of these materials in order to 
ascertain their structure and comosition. Results of such studies . 


mot only should point. the way to broader utilization in fields already 
‘opened but should open new avenues of industrial application, — 


_. proc Wile.these fundamental exploratory investigations, dealing 
with structure, c omposition, ete., will necessarily precede the investi- 
gations. using the information thereby obtained, there will also be con- 


current fundamental investigations dealing specifically with individual 


components and aggregates. These studies will be devoted to such com 


ponents as Jignin and hemicelluleses, discussed later in this section, 
as well as fundamental studies on cellulose and pulping, discussed 


under these heads. 
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-oloes, Fundaiaental. investigations along general and biochemical lines 


will be of great value in the planning as well as in the continuous 
pursuit of the-various subdivisions of research on agricultural wastes 
outlined im this sections It wouldy in fact, be highly desirable to 
have definite results from many of the following studies at an early 
date. For. this. reason, it may be necessary to appreach this portion 
of thé research with’ the idea of serving best the interests of the 
other closely correlated inveetifations, The sequence of these studiés 
will, therefore, be governed by expediency. 

posed Research Prog 





«©, “Research of the following typé will be’ cénducted: — 

vis *Pundamental agronomic, chemical, and biochemical studies relat~ 
ing to the structure and*composition of agricultural wastes, don\uadine 
their content of cellulose, Lignin, pentosans, and minér compénents, — 
together with investigations of the mechanism by méans of which these ~ 
components are synthesized or stored, and methods for controlling the 
percentage of ‘the various components. fo the extent of practicable ef~ 
fectiveness these phases willbe in cooperation with related research 
in prodtictions” | 

o OAs lignin is present to the extent. of about 25-30 percent in ~- 
agricultural wastes, such as cereal straws, corn stover, and corncobs, 
its evident that tremendous quantities of this material are available 


| for industrial) use. With the exception of coal, Lignin is the only ~~ 


large natural source of aromatic material of the benzene type evailable 
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dn the ‘word. hea our coal depen’ ts are daplatnds therefore » if not 
before ai ‘Lignin wil necessarily be ouployed to supply the hage indus- 
trial denands for aronatic compouns. Although lignin presents al | 
tentialities conparable with those Aidan in ‘ean, tar a century ago, 
not mich success has attended the search for aheheing as AERO NERREY 5 
water: as ‘ouch « or in the fora present in waste sulphite Liquor fron 
pulp mills. Hevertheless, heceaae of the “cheapnessof the raw mate~ 
rial fron waiel it is ‘obtained : and the Lerce: amounts available 3 the 
possible industrial utilisation of tégoie is still the subject of con 
siderable interest. ‘Perhaps the main barrier to the successful solu 
tion of ‘this problem is our r inadequate imowledze pepanding the isola~ 
tion, composition, and Mire, arto of lignin, as well as the Lack of 
Spake: for econontesly converting it into useful products. 
Proposed Research Procram 
r; coordinated research program designed to lessen the digeieulty 

of “preparing lignin and to detereine ite chemical composition is urgent 
ly needed po provide a vier basis for carrying out further studies on 
the utilization of this material. ‘tbat 

) The following atodtes will be wadaahabiiees 

ay © Development of ‘ecancme satheds for the poppersnion at 
lilacs ‘fron farm wastes. This investigation would involve the separa- 
tion of lignin or “Lignin derivatives from the. dizcerent farn wastes by 
new or modified nethods. “The successful Geneiueien. of ‘thie laboratory 
work would be followed by work on 3 pilot-plant, scale. : 

fle: Investigations on “the ‘chendcal structure of Lignin, A C Ole 


eaetetes of ‘Stania fven various sources pheala be gion a in dee te 
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plant operation. — 
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iearwie ‘whether the structures aitier. ‘Physical and | chemical 
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‘studies will | be ‘required to furnish iaevinies on the wise of ‘the pi an 
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gh he and he nature and ‘srrangenent of the Poses 200 yh units of wach the 


molecule ‘a ‘composed. 
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” e Degradation o: or > modification of “Lignin by chenteal nethods. 


Yew reactions for converting Lignin to relatively simple materials 


will have ‘to be developed and ‘nethods devised tor separating these 


sey 


products, Conversion studies ‘should be conducted to prepare various 


modified Lignin derivatives having roughly about ‘the same molecular i 


complexity as ‘Ugnin, “Reactions leading to the polymerization of 


lignin 2 are ‘particularly Amportant as subjects of lavestigation — 


a Utilization studies of Lignin or Lignin derivatives for 


the gon sy ‘of pinstics, voice Ba sizes, anthuetting agente, ‘adhe 


Bives, ete concen should be os Gee as a source of simple com 


pounds for use in ‘the synthetic chemical industries ‘or as bases for 


ee Ta Se Bir 


insecticides. “Information obtained in studies outlined in sections 2 
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ations Promising results ‘e this field would | be eibjected ¢ to pilot 
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| STUDIES on oromnaoss (PErTosinis AND HEKOSANS) AND DERIVATIVES 


up gp Sy tae te 54 =? # 


“Approximately 20° to 85 pereent of the ary matter of fara wastes 
orokiuateiy Boat 


such as cereal straws, ¢ corn ees and bagasse is "eamposed of hemi 


ig 


ie CQG. hl ees tidieg- an wr SRS Cee es 
celluloses ‘and related materials. Since this type of waste : is not 
way %O tne Gere. Loument oF few used. La te~ 
used industrially at ‘present, vast quantities of raw naterials ¢ are 
rs - ete wa args ans YE pga 7 Fy Fe es is Oe ca ss 


available ~— the production he possible industrial ‘weldiuatien of 
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hemicelluloses or derived products (xylose, furfural, etc.). Hemi~ 
celluloses are mainly composed of combined sugars and are, therefore, 
related to starch and cellulose.” 

Hemicelluloses and pentosatis have received less attention than 
any of the éther main eéistituents of agricultural wistes, and little 
information is available either on laboratory methods of preparing then 


or on their constitution and properties, At present they are not en 


ployed commercially as such, and the development of industrial usés no — 


doubt has béén Handicapped by lack of precise chemical data concerning 
them. The meager information available indicatés that their properties 
are not only quite different from those of limin, proteins, cellulose, 
fats, etc., but also of such a kind as to sugzest the wide utilization 
of those’ materials after saitable mouifieation for novel industrial 





» LLoppia*aead nyarelysis Gr heniceltiteses’ aha pentosand’ yields 
péribose Sugars and stgar acids, “Xylose, whith is ustially présent®in 
larze amounts, Has been prepared on a pilot-plant scale at a cost of 
about 25-cents a pound. Owing mainly to the lack of markets, attempts 
to commercialize this product’ havé failed. It ‘might possibly be pro- 
ducéd commercially if the cost of production could be reduced to ap~ 


: proximately thatof-the other comercially available sugars. Further 


fundamental and practital studies on xylose are expected to point the 
way to the development of new uses. The possible industrial utiliza 
tion of arabinose and uronic acids has received practically no etten- 


*iMi]é receive attention. 
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sei sopropeiate chemical treatment of farm wastes converts the 
hemicellulosic constituents to furfural, which can be easily separated 
hulls. Although work on this phase of the utilization problem seems. 
unnecessary, additional fundamental and utilization studies are required 
4° expend, the, present, uses of. furfurade, sn is tie 





A comprehensive, program will be required to obtain the necessary 
fundamental and engineering data for the utilization of hemicelluloses 


and their derivatives. . This will involve: 





al _Tnvestigations on jt and. fy plain ol production of hemi- 
sabiodeens and peatosans from the different types.of farm,wastee...... 
Hemicelluloses from various sources should be purified and compared to 


dete whether or not they are homogeneous. 
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2. Structural. studies employing physical and chemical methods. 
fitormation to be obtained includes the size and shape of the mole- 
cule, typeof. binding 





5. Chemical investigations to determ: 


wie LE we 





the properties) of the 
hemicelluloses and pentosans. The behavior of this class. ef compounds 
and their derivatives toward chemical agents inducing polynerization 


should receive attention. 
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Various derivatives will be prepared and their propertios investigated, 


initiation of pilat-plant studies will Sepang . on the an Se. re. 
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opesS? Parm wagtes not employed directly for industrial or other pur- 
poses “stowld be returned to the soil in a satisfactory form. This prac- 
tice would atleast partly restore the mineral constituents removed | 
from the soil by plant growth, replenish the organic matter consumed in 
various ‘s6il activities, and reduce the propagation of plate pests by 
removing breeding places provided by wastes decowposing in the open. — 
The maintenance of organic matter in soils is of considerable simifi~ 

. 2 soil productivity, reducing erosion, decreasing 





leaching, and influencing the fixation and availability of plant food 
materials, The practice of burning farm wastes or allowing them to re- 
main on “the field sghowld be condemned as vizorously as the maintenance of 
the productivity of the soil by the maximum utilization of organie wastes 
Petes exivibegeds Tie chars in fare prestten de wigen@ly sewdes 
if the dgoil is to contimie to be our most important natural resource. 

ol Lo o~|Ror economic reasons, this program will consider not only the 
processing of organic wastes for the production of artificial fertili~ 


gers but also the direct utilization of agricultural wastes in the soil, 





“> oS Research on composting and soil enrichment should include funda- 
ental studies of two different types, depending on whether the arti- 
ficial manures are to be employed in areas under large-scale cultiva~ 
tion or in areas under limited and scattered cultivation. Under the 
former conditions, composting might be done most economically at cen—— 
trally located plants, receiving wastes from farms within a limited 
radius. aid distributing the finished product ata nominel cost to con- 


simers. Under the latter conditions, where the collection of larce 
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quantities of wastes would be uneconomical, procedures would have. to 
be dévelosed to meét the needs of the individual fartier, The economic 
phasés of thé préblem would require serious consideration,  — 
Proposed studies comprise; 

1, Fundamental ‘studies on the biological and chemical changes 





that take place in the composting of farm wastes or their constituents, 
and in soil to which various types of organic matter have been supplied. 
The ¥6lé played by ‘the different micro-organisms or symbiotic combina- 
tions of them in converting cellulose, lignin, and hemicellulose inte 
hums and plant nutrients should be determined. Possible decomposition 
or synthesis of plant-growth hormones during the composting process 
also requires attention. — 

“o QS “Investigations on bin, trench, and sheet methods of composting. 
Different types of farm wastes should be composted on a stale adapted to 
the farm, and the results compared from the standpoint of efficiency. 

“8. Studies on the feasibility of composting farm wastes on a 

pilot-plant Seale, © © say 

4. Investigations on dibeot utilization in the soil of crop 
residuess with or without the simultaneous addition of fertilizer, The 
most efficient and practical methods of utilising and distributing farn 
wastes under varying ¢limatic conditions’ and in various soil types 
should be determined. Cooperation with related research of the Depart- 
ment and State experiment stations will be arranged. 
Oo Butidine and insulating materials made from agricultural wastes 
ean be divided into the following classes; Wall board, insulating 
béaral ingalating blocks} anealating quilts, ‘and dasulating £121. 


fhese classes are Well known in the building trades. 
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Some of the important properties desirable in an insulating 


material are (1) low thermal conductivity; (2) structural strength; 


(8) water. resistence (4) vapor resistances. (5) fire resistance; (6) .. 


proper acoustical properties; (7) permanences. (8) resistance to insects, 
vernin, fungi, and other agencies of decays Since the possession of all 
these characteristics is to some extent inconsistent, most materials and 
products manufactured represent A ¢G@ipromise to meet a definite need or 
to use a eertaim raw material. wootes can vory 





1 VoPhe studies will incladers. > rai: : ah. 9 
ie Agronomic, chemical, engineering, biochemical, and other 

investigations onthe structure and composition of the wastes then 
selves as raw'materiais for building end insulating materials, in order 
to select the most appropriate outlet for any particular material. In 
this phase cooperation with related production research of the Depart- 
ment and State agricultural experiment stations will be arranged... 
» loo Reo Chemieal, engineering, .and related studies devoted,to pre 
paring, forming, and finishing the products. —. 
uo or leBen Chemical, physical, and other research pertaining +o. physical 
properties, such as etrength, stiffness, hardness and density, and the 
correlation of thése properties with thermal conductivity and sound . 
absorption, and with the individual fiber, filler, and. binder. ¢haracter- 

) ovel@siu@hemical, phybical,oand biological investigations on the....., 
development of special properties, such as water resistance, vapor re- 
Sistance, fire resistance, andresistance to decay and insect attack, | 
together with investigation of the possible toxicological effects of any 


of the proposed treatments. 
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| 2 _ tives iightties of the type covered by the preceding sections 
but Hiesid to the thy tem ore. use on aad and in rural areas, 
of balding, meboriala nade, fron agricultural wastes alone or in connec~ 
tion in nonsgricultural naterials. | 

- Palping ¢ of agriogttured wastes can very profitably be the 

subject of considerable research. _ 4s a rule agricultural wastes are 
a a a very. different fora. from wood » the comparable raw material, They 
7 ght. ond voluminous, and pulping them requires larger. 


cooking capacity. and higher liquor-to-solid ratios but less drastic 





chemical treatment than are remired for pulping wood. 

sai __The Peterieis themselves, even @ Single stem or ‘Stalk, vary 
mare ‘than wood chips in physica, and chemical composition. Different | 
portions Rid such as the nodes and the sections between, respond to the 
pulping Notion at different rates. It seems logical, therefore, that 
the study of pulping procedures for agricultural wastes should be 
undertaken with the object of finding a procedure specifically adapted 
to the materials in qestion, 

A number of industrial, governmental, and educational agencies 
have well-developed research programs which include some of the ; 
projects described below, These programs will receive recognition 
to avoid duplication of lines of research now being adequately followed. 
It should be understood, therefore, that only certain portions of the 
following broad program will receive initial attention. Those portions 
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ms now ate hg se ap, tll dreptagated by ether aeeonies wid. not be. i 


studied. 





The following pases hae: be undertaken: sti é 
if he Chemical pulping studies to evaluate the nitric acid : 
eooleing pr procesg. This Epeeareh will Anelude the following investiga- | 
tions: A) Studies designed te reduce the net percentage of nitric 
acid by decreasing the ae of Leena’ | and Anerensing a effective~ 
ness ay ae use a continous apparatus and piso by the. use of aux~ 
inary acents, , such as alcohols and ace or combinations thay will 
Lyon ined ’ accelerate 4, OF control the action of the nitric acids (2) 
concurrent studies on the ue dantiniy or alkatine whens of this cooking 
| process; (3) development and a eer of mealy steel 3 recovery; ; 
and fortifieation nethods to cow ey omni 7 reuse ot th: ae nb ire : 


acid Liquors. 


b) 
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2. “oheniead ‘palping investigations pueg ine volatile, alkaline 
Ort POR eat: % i 
compounds, euch as @ anionta, rity the ererer of he ia and reuse of 


Ris rot sy 
?. , mS - & © & * st 


ammonia 
pa hy “Pumianental eeaieal Studied oa solvents rar'the ‘principal 


vi my 4 Sat ah 


constituents of ph pes es wactee g: cellulose, Lignin, and pentosans). 


| cheat stodies should be directed to the development of a process or 


cor particularly adaptable 5° the pulping of agricultural 
wastes , with due regard ‘Por all the characteristics er’ the raw 
materials as well as "the Sista ‘are quatity” of the products. “These ~ 


SL ee 


investigations may y develop a ‘method for the direct solution of the 


cellulose in agricultural waste end its 5 regeneration as such or in | 


5 


the form of derivatives. ¥ 


ied Chemical engineering wiudies atvacted to Um tiveleent 


of apparatus and equipnent dubodying 6 or Witising the principles 
established dn “the preliminary, fundamental, or applied research. 
Trese studies will be. followed ‘ey pilot-plant scale work. 


r ‘ Chemical engineering and other research to adapt present 
ean ar iaehsi iota processes to the ‘fibers’ and pulps having special or 


outstanding ‘characteristics. ‘this work wili incliaé’efrorts to re~ 


cover ¢ and Find ‘uses “for * any ‘by-products ‘of the pulping processes 


“Fermentation ptudies: ‘applied to the production of utilizable 


products, ’ gases ‘and residues ‘trom agricultural wastes, are actively 
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to Latoege gaivad agieg brs ered? ert of r 





neh wr Fundamental and applied gymological, chemical, and enzineering 
research will be conducted to study organisms know to attack or sus- 
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under way.. This work, especially that portion whieh has to do with 
the preduction of fuel gas omthe farm, has received extensive and 
ats publicity, As 2 result, many peosle have been led 





vo believe that the problem was solved, whereas mech fundamental and 





still be done before the best results are 





pected of attacking or decomposing agricultural wastes; to study the 
products of biechemical activitys to develop methods of eigenen en~ 


chaneing or controlling the products of such activity, or to find 
methods of producing new products; to design apparatus, equipment, and 
processes for laboratery or pilot-plant seale work on this project; to 


find new us9s or outlets for any of the produtts or residues resulting 
frog the processes developede (For further details, see ens 
Part. Ifl.). ther © euiskin wade es pladiiel“ers , 
at, er eeetieel amy step in TARR. af the plasire 

» ©» Developments in the plastics industry “in the past few years 

have been amazings. These developments have restlted from intensive — 
ing work on pressing equipment as well as from improved pro= | 

perties. and widened varieties of molding powders. The combined ef- 
fect. has been to lower the cost, improve the general susietted and 





appearance of plastic products, and increase acceptance of plastics 


in everyday life. In the manufacture of fairly complicated small 








- 


articles, the fabricating costs of which are high, plastic materials 
can outdistarice most competition, However, in the manufacture of 
larger articlés, such as furniture or structural materials, the cost 
and consequently the acceptance, will be soverned very largely by 
the cost of the materials from which the molding powders are made, 
‘Aprieultural waetes have shown considerable »romise in the © 
production of low-cost plastids, Their use for this purposes would 


mot only provide an outlet for them but would make possible impor ~ 


tant improvements in building and furniture eonstruction. 








mental and technological, chemical, and eugineering in- 
Westigatione WiLL be instituted towtady, develop, dnd apply ‘netiods 
6f preparing molding materials from agricultural wastes or any compo- 
nent of asricultural wastes, such as Lignin, by acid or alkaline hy . 


drolysis or other methods; to study the different operations necessa~ 


‘yy in their préparations ‘to investigate various aromatic amines and 


aldehydes and other chemicals used as plasticizers, or to promote, 
assist, or ¢ontrol any step in the formation of the plastics; to study 


and develop processes, apparatus, and equipment for pressing, molding, 


curing, or otherwise forming or fabricating plastics from agricultural 
wastes whereby the molding powders developed may be used or the struc- 
tural and decorative properties improved or the costs of produetion s 


reduced, 
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DESTRUCTIVE peony 
The rin an rain distillation of agricultural ‘waeten one the 

production of fuel cas, tats r “carbons, 3 and other materials have been 
given ‘considerable ¢ ‘thought by those interested in agriculture, ’ and 
they have also been the subject of some researche ey 

s “Fron time to time, retorts intended for the produetion of fuel 
gas ‘on , the farm nave ‘ippacied on the aevliet, ‘wat at present they are 
not being used witentivnlys The pyrolysis — is not fully under- 
stood, and he possibilities have not been evaluated. ice a better 
sahil nis of destructive distillation, and with means } for ‘controlling 
the process ‘and to i a certain extent determining what will be produced, 
it nay be possible +6 ‘establish a ‘paying industry. “Owing to the ‘fact 
that control and supervision are sp saphese ana are usually more eared 


for small than for large installations Py it will probably be more diffi 


cult to. develop a suall-scale process for use on ferns than ‘it will be 


to develop 1 larger “processes. 


| "Proposed Research Program re 

‘Pundauextal a and applied chemical and engineering research wi | 
be conducted to establish optinun conditions of tine, temperature, a 
oreawure » “and chemical environnent in ‘the pyrolysis : zone for the pro- 
duction of masciomn yields of ‘the usual products or for the production | 
of new and more valuable products to isolate, ’ Adentity, and find uses 
for existing : "and 1 new “products or odifications thereat to eee ee 
and eb new, “more bo ho ‘ pln more e seat controlled squionen’ | 
for destructive distillation an one ihe combed and Ubiisation of the 


un 


products « 
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Man's efforts to use fibrous materials, such as agricul- 


tural, wastes, are probably older than the practice « of agriculture 


itself. +6 is not surprising to find, therefore, that these ma- 


terials have Lead put to ay varied uses. - eae dilaned to 


develop uses other than ae sonsidered elgenbere ~ this ener’ 


_ Proposed Research Progran 


4. 


Proposed studies consist of fundanential and applied chenieni, 


eunlenandr a, and ather teonativasions ey study, hacen, and apply 


scientific principles in adapting acricultural wastes to the follow 
ing miscellaneous uses: | 

1. As fillers for plastics ned subbed, The effect of the 
properties of the fillers upon the strength, density, curing, molding, 
finish, water resistance and chemical resistance, and other proper— 
ties of the finished articles should be considered, 

2. As raw materials for briquetting, per se or in connection 
with products wath as low-grade coals, lignite, and tars from de- 
structive distillation, for low-cost and easily transported fuels. 

5. As raw materials for the production of masses less dense 
than briquettes. These can be made on the farm for use there or 
for use locally as fuel or for other purposes. | 

4. As fillers for insecticidal and other poisons used Seis 
culturally or otherwise. 

5. As a raw miterial for possible biological modification 


to develop products in a more usable form. 
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Ge re a source of adhesives or binding materials which ney 
be ‘used in ‘eonnention with felting or other procedures to provide 
Low-cost membranes for insulation, road covering, canal lining, ete. 
Lee '*~ As a material for animal re poultry ee and 
similar uses. | 

! eo As a raw material for packaging materials, as cleaning, 
scouring and polishing compounds, as absorbents for solvents used in 
cleaning furs, as filtering materials, and as mechanical carriers 


for mold or bacterial growth in zymolegical processes. 
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{PART IIT} 


co ON PIEER 
The — and urgency of a research program on cotton 


fiber Pismo ly be overemphasized. ‘Cotton is the greatest cash erop of 


‘the. United States pe ‘: the ‘set Amportant export. crop. Tts” pro- 
"@uetion 1 provides a “Livelihood to more people than does any other plant 
‘ores During ‘the last 10 years, ‘the cash incone from eptton and 
‘cottonseed in ‘the ‘principal cotton-groving States has “hocounted ‘for 
“about omecheit of ‘the ‘total cash income ‘Wren AL ‘crops and Livestock 


conbined. Yet the cotton-growing industry ‘of the United states ‘today 


Y facing mab: an expanding nor even a static ‘market, ‘but | one which 


bas declined seriously within ‘os ‘past few years a and chen ‘definite 


‘tendencies tneaed a " farther decline. 


, From 1920 to 1929, cash income from cotton and cottonseed 


“averaged 1.4 biltion dollars per year, but since 1929 the Srprany 


lexeiugten of evaetaat payments) has ‘been ‘slightly less than 709 


nililon d dollars and has not risen acain above the bil Lionsdolar 


marks 
"Undoubtedly lint cotton presents the most acute large-scale — 


surplus’ problem in our country today. ven in the facs of acreage- 


“reduction ¢ programs, ‘surpluses have been ‘acoumiating with recurring 
frequency. “The. carry-over ‘fron last year's crop, Tocethar with the 


pee 


comparatively snali 1936 crop, ‘ves a wrta supply of United States 
cotton between two and a quarter and two and a half times as large 


a the season's probable ges ag 
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This, ; in n brief, NS hs dluation sow teatng the cottoh. 
groming industry < ‘of the Tnited’ States. ‘Many remedies my been 
proposed ‘and some. ‘are new being Applied. “One “important Line of sina 
attack, which bes until | now rebelved only miter attention trom a” 
monetary stamipotnt, “is by fheans of Noeekdy ‘not simply research 
on See protien as they aria but a comprehensive, concerted, 
closely knit program of research - = biolod cal, emer physical, 
teibunleiaent- ‘engineering, ent économie - alt Garvied on with the 
‘specific axe of finding new and ertantes uses “for eSbtoh.” This is’ 
a “method which should pkg more and more productive of ertheehlle 
vbults with ‘the: passing of each year. “In the aoe ok ‘cotton, such 
a + program is Long overdues Li rev emee weer . 

oes ‘Regional laboratory program as herein outlined will be 
closely ‘correlated with present research to prevent duplication and 
to assure complete and effective coverage of the very wide ‘field re~ 
maining to be investigated. A great deal of the section on ‘Gelinlose, P 
Part It, nae a pena bearing on ‘this progran and should be read ie 
comecti.on therewith. “The progran on ‘cotton fiber Bas boat ‘divided 
inge three ‘sections ~ - Cotton a Lint, Cotton Linters, ‘and whole je cotton. 





ee © “This gf will be. carried on 1 cooperatively with Ge ex~ 
vee Departaental. and State agencies that’ have adequate “facilities 
for carrying on ‘this cork. “The industrial utiligation of ‘cotton. ‘Tint 
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~3- 
thus, wi be studied as it may be affected by. warietal, cultural, 
and environmental differences 3 by, variations in the machinery and. 
methods of harvesting, panning, storage, etee3 and by the effects 
of diseases, Ete and other Rt? s., Jen, new uses for lint dev- 
elop, research toward producing cotton of improved suitability for . 
these purposes will be inaugurated through cooperation with the 


production agencies. _ 





dd _This Progran, will follow the lines indicated in the sec- 
tion on caLiosey Part my, but, wil apply specifically to cotton, 


corresponding to ai srorences. | in variate location, Season, | culture, 

and other fectaray & study of the Cependence of these. properties wen, 

be ing. pees and mi oeh.lar structure of the fiber and the influence 

of fiver properties Re so propereing and properties of cotton products. 
2 “The results of the program will serve as a guide in . studying the 

design gn and Amprovenent, of propessing machinery and in the Sevelopnent 

of | new and improved yarns > caork a 2 fintghes 2 and treatments, _ 


An important part of this renenre will be the determination of 


ae x ‘cy 


the characteristics Meee cause certain Amper hed cottons and other 


| fibers to be Greterred vecertines of cost for certain uses (as tevptdan 


tunes of ‘long staple in ve mamta cters of sewing thread and Chinese 
cotton in blankets), and an attempt i be made to substitute United 
States cotton by a combination * agronomic, processing » and finishing 
veanneels “The taretd antl will be correlated with those already 
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se bm ‘ 
carried on by the Department to avoid duplication of work now being 
adequately prosetuted and to insure the most promising and effective 
research attack on the problems. 





“3, ° The processing machinery ant methods from bale-opening ic | 


’ finishing textile fabries willbe investigated for possible improve- 


ment. Engineering and other research will be carried on to improve 
present machinery and methods, to design new machinery, and.to devel- 
op new methods for processing cotten Lint, in an effort to lower. the 
cost of manufacture and to improve the quality of the manufactured 
product. Sinee the choice of industrial textile fabrics is frequently 
made almost wholly on a cost. basis and since the price differential 
is frequently onky a fraction of a cent, even a slight drop in the 
cost of mamfacture would enable cotton fabries to replace those made 


Yarn and fabrie 





4% New outlets for cotton in thé yarm and fabric field will . 
be studied by determining the properties and cost requirements of the 
most promising specific uses. Research will be initiated to develop 


“yarns and fabries which will meet these requirements, as well as to 


improve the quality and lower the cost of yatms and fabries already 
dn use. | : : 

“Work Closely related to this type of research will be inaug- 
urated toward the design and adaptation of articles composed wholly — 


or in part of cotton fabries, which do not necessarily involve the 


ee sate 4 





| Rd ge 
‘of ‘an entirely new type of fabric. Gooperation in this 





phase will be sought and developed as deemed practicable. 
gh will be conducted on the development of fabrics made 





_ from odttod! qnixed with one or more ‘other fibers, for the purpose of 


. finding certain dharkoterieti @ snot obtainable in irles ‘made from 


cotton alone. ® Studies will also be made of the possibility of nani 
facturing cheaper cotton fabrics without firet spinning the cotton into 
yarn, ‘for instance, by binding the fibers ‘together with some Lovenoast 
adhesive. Fabrics for both clothing and household uses 5 will de studied, 
but special attention will be given to Tatostris tabyice because this 
is the field which presents the greatest opportunities. 


Research on finish — oe for cotton t les : 





SOB Research of this nature will be aimed primrily toward in- 
creasing the ‘utility of nanufactured cotton products and thereby en~ 
incline their competitive values This ‘type of work is especially | 
signi fieant ‘fron a competitive standpoint, ‘because of the comparatively 
ion orice of cotton fabrics. For example ’ work wild be done on. finishes 
to render cotton yarns and ‘fabrics m more resistant to tire, nildew, erush- 
ing, creasing, soiling, abrasion, and chemical actions Research ata 
alzo be undertalcen on a& cheaper process for spe ana shrinking cotton 
fabrics. haaper and more effective treatments for waterproofing various 
types of easton Fatrios whit be studied. Research will be done on finish- 
es e enhance spe sheen, hand, and draping properties of cotton fabrics. 
This ‘Yaad group of "properties is os special importance in clothing and . 
household fabrics where eda has hein decreasing in popularity. The 
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te, dewerve a separate program of researc. = = 9-> 





intpart of any efficient research program iis the 





eave and evaluation of the’ rants ébtained. “Recs pt “in those © 





nees wheve it is Clearly ‘evident that this can be done more econ 
onically and more efficiently by other avencies, such work will be cons 
Gii¢ted by the Regional Research Laboratories. In addition to instru» 
mental tests under controlled laboratory conditions, actual service 
Gest WAT De ndde £5" the 'purpese dt eolzeettns-aatecon=the Denavior 
of various products under actual commercial ‘conditions and to denon~ 
strate their practicability through appropriate channels. 





“29. °° An integral and highly important part of the applied re- 
search program on cotton fiber will be the collection and constant use 
Of many different types of etonomic and statistical information... Such 


_ information will be helpful in selecting the most worth=while projects 


on #hich to work, will provide many clues to directions along which new 
research micht profitably be undertaken, and will be used as an aid in 
the evaluation of the iritustwiale peasddimidden of the products of re- . 
‘While cotton linters constitute only a relatively small portion 
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| 1. A close study of methods of production,. purification, and 
storage will be made to discover means of improving the quality and 
uniformity of the product. For certain special purposes this is 
already being. done by the manufacturers of chemical cotton and, where 
possible » & cooperative program will be arranged. The information ob- 
tained in the section on Cellulose Part ITI will be of great assistance 
here. 

2+ Improvements in the preparation of the important chemical 
derivatives of linters will be studied, insofar as such a program is 
not a duplication of present industrial research. The problem of 
developing new derivatives with special properties will be vigorously 
attacked. See also the section on Cellulose, Part III. 





. Be The use of linters in bulk as an absorbent or insulating... 
material will be investigated. For example, a cheap proofing treat- 


An analysis of the properties which are desirable will be followed by 
experiments.for improving these properties. . 


767 


ment against. inflarmability and micrebiological atiack. will be sought... 


 ¢o4« Studies will be made also of those properties which determine 


the utility of competing materials and of the possibility of economically 


imparting some. of these properties to cotton linters. 


8 ull fiber, 


5. At present, a certain percentage of fiber remains attached 
to the seed hull after the delinting process and only a small percent~ 


age of this residual fiber is now utilized. The properties of this fiber © 
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Cay 10 Baw 
Will be studied as wetlinel iy te gactien on Cellulose, Part III. 
If it shows promiee, effdlts will Benadé to Work SUE nethods and! 
machinery” for ite Pécovery ‘and utilization of the residual hulls, °° 
which wilt result 4h lower Het costs of recovering hull fibers. Inv 


gomnection, sée algo the section on Asricultiral Wastes, Part TTT. 






rinents én'the utilisation of the entire cotton plant as a 


ai cellulose Have so fae been carried out ofly on a: 
small Laboratory’ scale’ with Limited funde. Sufficient work will be. | 





undertaken first to determine definitely what are the possibilities ~~ 0. 
of this potential souree of commercial cellulose. If the results of 





worlé Wi1T then be doné'on finding thé most’ efficient pulping methods: 
for converting whole’ cotton plants into industrial cellulose. Parallel 
to the research on ‘pulpiny methods, would be genetic and agronomic work, 
‘in cooperation with related research of the Department and State experi- 
ment stations, on the selection and breeding of the most suitable varie- 
CDG ‘Ce PS TH Dow petipond): dad the hota nation of Ae 1. 
best practices with repard to epacing of rows and individual plants... 
‘Methods of retoveri ng oil snd then ibyteproducts: wilt aileo-be studied, 
-“e6Prelating “the work with that on VegetableOils.and Fate and.on, Agri- 
‘eultural Wastes, Part III. 
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2 Cellulose is a major constituent of almost every plant crop. The 
cell walls are formed of cellulose and it constitutes about 50 percent 
of the solid material of most plants. It is largely responsible for 
the physical and chemical properties of such important vegetable fibers 
as cotton and wood pulp. In the last 25 years, this country has produced 
about 8 to nearly 19 million bales of cotton lint and about 1 million 
bales of linters, all nearly pure cellulose. In 1935, about 5 million tons 
of wood pulp (from 60 to more than 90 percent cellulose, according to grade) 
and about 10.5 million tons of paper and paperboard (from 60 to nearly 100 
percent cellulose, sccording to the kind of paper) were produced domes= 
tically. The enormous quantities of agricultural wastes produced annually 
(1'70,000, 000 tons, about half of which is available) also contain larce 
quantities of cellulose, 

As a specific example, considerable work has been done with the 
residual bagasse from sugar cane (2.5 million tons estinated as availsble 
in 1937 in the United States and possessions, which would yield about 
700,000 tons of pulp of 90 percent cellulose content). Other materials 
in common use which consist almost entirely of cellulose or its deriva~ 
tives are rayon, nitrocellulose (smokeless powder, celluloid, and lac. 
quers), and cellulose acetate (widely used in plastics and transparent 
films). | , a 

These facts and figures make it plain that it 4s highly desirable 
to devote a large part of the program of the new laboratories to the en— 
largement of our knowledge of the properties of this important material. 


The more thoroughly we understand the nature of pure cellulose, the 


REE vs 


eg Fe ono need aed olvow afilareh same ~olgmana. 6 








oldasived dbid ek ¢2 Jedd abalg #2 elem semwylt Sas edost ened? 
.fetioden dnedyoqnt atid to settweqowy odd to egb | 








« 2» Mi 8 
greater will be our suceess in properly utilizing cotton, wood, flax, 
agriculturel wastes, andcther cellulosic materials. the following 
oii of cellulose research will of necessity require close coordina- 
tion with the programs on the individual commodities and cooperation 
with other research agencies. Tae following program is fundamental in 
ee » has a very direct bearing on the utilization of cotton, and ob- 
Sie is: closely related to the cotton-fiber prograite 

i The Departmental Survey of current research activities has in- 
dicated present dines of activity and the proposed program will be 


carefully coordinated with that of other groups. 





, Like cheer naterials of biological origin, the cellulosic fibers. 
have a distinct structural organisation of both cellulosic and none | 
cellulosic constituents. Besides this, the cellulose molecules then 
selges are regularly arranged in small units called micelles. Small 
changas An hae polecale owing ta its size do not modi ty properties suf— 
ficiently 6s allow ‘Separation by present methods, and the term cellulose 
refers actually to a group of very closely related compounds. The first 


problem, therefore, for a comprehensive program of fundamental research 


on cellulose should deal with the differences between cellulose fran 
various SOUPCES a | . ' , é s 

i de A compari son of the different plant fibers from which cellu- 
lose is obtained will be made as to the nature and quantity of cellulosic 
and non—cellulosic materials, the structural arrangement of these, the 
nature ef the binding forces, and the differences in physical properties 


and their causes. Methods will be worked out for the separation of 
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cellulose with as little change as possible. Yor purposes of compari— 


gon, either a standard methed or a standard cellulosic material must 
be chosen, although different methods probably will be found suitable. 


for different fibers, .After removal of the non-celiulosie portion, pos- 


nt of molecule and micelle within the 





cellulosic ‘portion will, be determined. -Finally, the materials mmst be 


examined. for.differences within the cellulose moiccule, such)as length, - 


uniformity with respect to length, and nature of the.end group... In,this 
program, it wild be necessary to make a careful study of the details and 
meaning of the present analytical methods and to devise new methodse. . 


~» Re obifferences in structure and composition between various parts 


of the same plant and various individuals of the same species, as well as 


changes preduced by: varying the conditions of growths will be.determ’ ned. 


These results will be of direct value in choosing the correct source of 


cellulose for a given use and in outlining programs for improving the. 


pient material, separation, purification, utilisation: and..standardigation. 





3e The physical and biological properties of the fiber as. an entity 


willbe studiedand analyzed. .An.integral part of this analysis will be a 


correlation.of physical properties with the moiecular and micellar structure, 


on the one hand, and. with the,factors governing utility, such as spinning 
value andthe like, on the other. The orientation of molecules in and 


around, the micelle and the position of hydroxyl.and clucose groupings with- 


 odmthe micelle.will be further studied, The mebhanism of, phenomena and pro~ 
“esses connected with micellar structure, such as absorption, adsorption, 


swelling, end diffusion, willbe more thoroughly investigated. The 
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ow 
properties involved here have a direct bearing on certain industrial 
processes and products (mercerization, waterproofing, hydration of pulp, 
and use as a filler for plastics), and the underlying principles will be 


studied in collaboration with the agencies more directly interested. 





4. Industrial applications frequently use cellulose solutions 
er dispersions. Agreement as to the nature of these has not been reached. 
The question as to the ultimte unit, molecule or micelle, is very in- 
pertant and our present data need extension in several directions. This 
project will include investigations of any phenomena connected with cel~ 
iulose dispersions and the nature and size of the cellulose unit involved. 
it is of the utmost importance in connection with the processes involving 
the regeneration of cellulose (rayon and transparent sheets) or such 
chemical reactions as acetylation, 

5e Standard materials and methods will be developed. Different 


workers have characterized their materials in different ways and have 


used widely divergent concentrations and formulations in preparing dis. 


persions. Much important work, in which well-characterized cellulose or 
standard cupramoniun dispersions were not used, should be repeated. 
It is believed that this will explain and correct many discrepancies. 

_6 Viscosity and ultracentrifugal methods will be compared in 
the development. of an industrial standard and as a means of measuring 
molecular size. Certain anomalies in the properties of dispersed cellulose 
at hi der ccnsenteations and in different solvents are still to be satis- 


factorily explained. Of creat help in this problem will be the comparison 
of solutions by these two methods, 
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%. The relation between orientation of cellulose or cellulose | 
dic vexious in dispersion and the properties ef such dispersions or of 
cellulose regenerated therefrom will ve determined, Ypticai methods are 
of particular importance, and the use of substituents containing heavy 


atons will facilitate spectroscopic investigations, 





. Se This project will include a study of the processes involved in 

‘the preparation of derivatives frou cellulose and a determination of the 
constitution nad perpeetten of these derivatives. The effect of chemical 
structure on physical properties, such as tensile strength, elongation, 
flexibility, and heat resistance, will be studied with a view toward pre~ 
paring derivatives of any desired properties, The types of reaction 
studied will include hydrolysis and depolymerization, oxidation, etheri- 
fication, esterification, etc. The relative rates of reactivity of 
vari ous parts of the molecule and fiber will be studied, to properly carry 
out and control important reactions. The applied phases of these studies 
are treated in the section on Cotton Fiber, Yart ITI. 

ological, studies: i » Pare Ie! | 

Qe These will include two types of investigation, the study of _. 
the attack by common, micro-organisms with the aim of preventing damage 
therefrom, and exploratory work on cellulose fermentations to determine 
the possibility of utilizing cellulose in this manner analogously to 


starch (see Fermentation, Part III). 
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PART IIT Th 


~ COTTONSE 


<= 


Of Beier review of the économie status of cottonseed products is 





given in Part II. There it is pointed out that cottonseed oil is the most 
important vegetable 611 consumed in the United States and that it, along 
with tottonseed meal and mills, has returned to the growers in the last 
two years 141 and 131 million dollars, respectively; and during more 
prosperous times, approximately 200 million dollars annually. About 90 
percent of the factory consumption of cottonseed oil is for edible pur- 
poses, and cottonseed meal is used almost entirely for feed and fertili~ 
gers. “The hulls are used chiefly for feed. Thus it is evident that 
cottonseed products are Already being used extensively in industrial and 
other outlets. 

Unless present varieties are modified by agronomic research, the 
amount of ofl and meal produced will be governed by the production of 
lint.’ Since inports of vegetable olls have exceeded a billion pounds in 
recent years, it is evident that a very extensive market already exists, 
which after research for specific adaptation to outlets now being filled 
by these imported oils, probably could be filled to a considerable extent 
by cottonseed oi]. (See O11 Seeds and Crops, Part II.) These factors 
point definitely to the desirability of emphasis on research to increase 
the ratio of oil content to fiber content of the cotton bey rp 

Further emphasis should be placed on fundamental studies to find 
new uses for cottonseed nretelia, gach as tg oe of amino | 
acids, utilization TM eetios and in exalalcen, ete. Successfiil mneiet 
mation of nas work would be very beneficial in that it would add value 


to the total cotton crop, thereby absorbing more of the cost of producing 
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the crop, ‘and planing domestic cotton fiber in a better ee 
me with that produced in foreign necntriee: 

| In the outline of proposed research that follows a oenademeneate 
program ‘is visualized. | Sone features are now ; under active prosécutdon | 
Federal, state, ney ober “agencies. The proposed program will be 
fully correlated with ali current research ‘and no Lines of work now being 
adequately ‘followed will be duplicated, “Because encbanis has been laid 
previously upon ‘the desirability of increased oil content of the ‘plant 
and upon new uses or the protein, a¢ shoul not be felt that the other 
portions of the program are unimportant. ‘tthe other sections are vital to 
a well-iounded effort ‘A cave their proper place, Certain portions of 
the vk on cottonseed wilh be found in other a ep of Part TIT as fol- 
lows " Proposed etnies | on ‘cottonseed oil whieh have | a | Wold application 
$0 all ‘oils and fats will oy found : in the section on Vegetable oils and 
Fats, proposed studles on acbtonssed protela of a broad general onters 
will be found in the peehion on Proteins; proposed seodies on enttannsed 
hulls will be found in the seetion on snags Wastes. ? 

wt" Gael on kiee Teliowing siniecks wilh be usdertekes: 





i. tn cooperation vith related research of the Department and 
State stations, research as + the effect of genetic, varietal, environ 
nental, sectional, and economic factors on ‘the ratio os vane’ to seed, | 
on the ease of separation of “Aber and seed, ‘ee on the yield, quality, 
and cons of producing oil, proteins, and other seed components the ef- 
fect of ‘temperature, moisture content, ‘and réardvevion tit storage, 


on the > quality and yield of Unters, 4. proteins, and ether components. 
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Processing: 
2. Engineering and other studies to improve machinery and pro} 


cesses for delinting cottonseed. 

3. Chemical, physical, engineering, economic, and other investi- 
gationsiof methods of dehulling, conditioning, cooking, pressing, ex~ 
tracting, and other treatments to reduce costs, improve quality, yield, 
or composition of oil, protein or other component of the seed or to pro= 
tect or modify advantageously the properties of any component, during or 
prior to the separating process. 

‘“4e Chemical, physical, engineering, and other research to inprove 
refining, bleaching, deodorizing, hydrogenating, or other processing 
methods to reduce costs, improve quality, or yield of oil or fatty acids: 
or to remove, protect, or modify advantageously the properties of any 
component, or to determine the composition of, and methods for the re= 
covery and utilization of, any component removed in these operations. 

5. Chemical, physical, engineering, and other research to de- 
velop or improve processing methods applicable to or required in the pro- 
duction of cottonseed proteins or components of, or products made from, 
cottonseed proteins. | 

ea) Chemical, engineering, economic, and other aenabt gutta cone 
cerning the ateptarality of cottonseed oil or fatty acids or other com 
ponents of the oil used as such, or hydrogenated, subjected to pyrolysis, 
or otherwise treated, or blended or compounded with other materials in 
the preparation of soaps, greases, lubricants, emulsifying agents, emul- 
sions, penetrating oils, sizes, finishing agents, and similar or related 
materials used in the textile, laundry, metal goods, rubber, leather, 


dubrication, and other industries. 
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7, Chemical, engineering, and other studies desigated to pro= 
vide industrial outlets for the proteins and other components of cotton 
seed meal, either as such, or after chemical or physical modification. 





| 8. Chemical and physical studies to determine the various funda 
mental characteristics, reactions, and properties of cottonseed oil, | 
fatty acids, proteins, and other seed components, in order to provide a 
firm basis for research applied to new and extended uses. 

9. Fundamental chemical and physical studies to improve and de~ 
velop methods for the analysis of cottonseed oil, fatty acids, proteins, 
and other cottonseed components. F 

10. Fundamental chemical and physical studies on the isolation, 
characteristics, reactions, and properties of sossypol and other pim 
ments, phosphatides, sterols, vitamines, and other minor components 
present in cottonseed, including specific fundamental work on cottonseed 
oil and cottonseed protein not covered under the general sections on Pro= 
teins, and Oils and Fats. 

11. Fundamental chemical, physical, and engineering studies on 
the effects of metals and other materials of construction on the color, 
oder, stability, and aie! chemical and physical properties and reactions 
of cottonseed oil, fatty acids, proteins, and other seed components. 

12. Fandamental chemical and physical research on methods for 
the modification of cottonseed oil, fatty acids, proteins, and other 
seed components to provide different properties of possible industrial 
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PART Iii 773 





“0° Ne nation ‘or eréup of peoplé can exist without adequate supolies 
of oils, fate, and waxes; moreover, the more hichly civilised a nation 
becomes ‘the greater is its needs for these materials. Industrialized 
nditions require not only cohsiderable quantities of fats and oils for 
food uses but also enorsous quantities of these commodities as indus- 
trial raw materials, e.g., ‘the total consumption of oils, fats, and 
waxes in the United States for 1997 exceeded 9 billion pounds. 

OL1L seeds constitute one of the most important crop groups wher- 





ever agriculture is practiced, whether by the most primitive or the most 
mechanised methods of cultivation. The processing of o11 seeds is also 

an Ympovtant part of any economic system, however diversified, since’ con- 
siderable labor is employed and many commercial materials are produced. 

In highly snitueteinld sed countries, the investment in processing plants 
and equipment is very larce and, together with consiming industries depend- 
ing almost exclusively on the oi] seeds for their raw materials, the capi- 
tal investment amounts to many billions of dollars. Many different kinds 
of oleaginous 1 
duets ranging from shortening and salad oils to paints, linoleum, lubri- 





} that are consumed in a multitude of finished pro- 


cants, etc., are derived from oil seeds. 

Cultivation of oil-seed plants, processing of the seed for sil, 
and utilization of oil for food and household purposes are as old as 
civilisation. During the course of the centuries, our knowledge cone 
cerning the production and utilization of vegetable oils, also animal 


oils, has progressed to the extent that almost every item of commerce 
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contains oils, fats, or waxes in one form or another. Vany of our most 
jdern industries depend, to gone extent, on available supplies of these 





products, which in many cases originate and are controlied beyond the 
confines of the United States. Despite the fact that there are surplus 
quantities of certain of the domestic olls, huge quantities of palm 
oil and the major part of the so-called drying oils are imported. The 
main reason for this is that methods are not yet available for converting 
surplus domestic oils to products suitable for the soap and paint industries. 
‘Adaptation of oils for industrial purposes has followed in some 
cases as. e result of increased knowledge of the properties of oils, and 
in other tases by following empirical or trial and error methods of for- 
mulation. Further technological advances in the utilization of fats and 
oils are becoming increasingly difficult owing to lack of fundamental in- 
formation concerming their physical and chemical properties. 
co  Aeprogram designed to increase our knowledze of the fundamental 
physical and chemical properties, to dip rove ‘present ‘techno logied): prac- 
tiées, to produce drying and soap oils from surplus domestic ofls, and 
toomdieie ‘the ‘possibilities of new industrial°outlets for fats, oils, 


and waxes, follows. 





q 





“Oh. & vital part of any thorough search for new and extended 
uses must be a fundamental study of oils and fats with respect to the. 
composition and structure of the various glyceride molecules; their 
synthesis, degradation and rearrangement from the structural viewpoint; 
their: chemical and physical stability; the physical properties of the 
pure glycerides and their mixtures in various proportions; the prepara- 
tion and purification of the component fatty acids; the chemical and 


physical. properties of the purified fatty acids and derived materials. 





2. Investigations should be undertaken on the isolation, identi- 
fication, and industrial application of the pro- and anti-oxidants, . 
sterols, phosphatides, vitamins, hydrocarbons, ketones, alcohols, and 
such other minor components as may be detected in various oils, fats, 
and waxes. The naturally occurring crude oils contain many substances 
which have been inadequately studied and in many instances have never 
been isolated and characterized. A few of these minor components are 
known to be of value and use either per se or as raw materiais for the 
preparation of other products. 


) ‘Bi Often -erude oils contain materials which impart characteristic 
odors and refined oils are subject to the development of secondary odors. 
Substances producing these odors have not been isolated and identified 


“and hence practically nothing is known of their chemical and physical 
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| properties. Their removal, however, is neceSsary to render the oils = 
useful for technological as well-as edible purposes, Studies should 
therefore be made.of the various oils and fats with the object of: 
isolating and identifying the products responsible for the characteristic 
odors of crude oils; removing oders by most effective and economic 
methods; determining the nature and mechanism of the development of 
reversion and rancidity in refining oils; preventing or inhibiting 


reversion and rancidity. 





«(4a Like oder, it is essential that pignents be removed in the 
refining process to enhance the value of oils for certain technological 
uses. A major project with reference to color should have for its 
objectives an investigation of the nature and amounts of pigments present 
in erude and refined oils; the development of methods for their rapid 
detection and evaluations the study of the effect of processing and. 
bleaching agents on the natural pigments; the determination of the mech- 
anism of. yellowing and other discolorations of finished products. =~. 





“one i> Se o Po: facilitate the development of extended technological uses 
of oils and fats, the physical constants and properties: of those products 
should be determined, Measurement of these. properties should be made 
with the highest precision, catretines widest possible ranges of temperature 
and.pressure. Examples of physical properties to be measured are the 
viscosity, thermal conductivity, and dielectric constants. 





, +. Investigations, especially with a view to development of new 


materials for commerce and industry, are dependent on chemical and physical 
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alteration of fats and oils. The effect of chemical reagents on oils 





and fats should be completely inve: tigated. Such studies should include 
the migration of double bonds; the enhancement of unsaturation; the 
addition of various elements and compounds to the double bonds; the 
modification of the carboxyl group ; the rupture of linkages to produce 
produets of shorter chain length than those in the original oil; the 
effect. of: heat over a wide. range of temperatures, especially in the 


region where cracking ensveds. 9. * 





one) Faoo Laboratory and semiplant studies shoule be carried out on. 
the various processes’ for séparation of the oi1 from the seed; for re- 
finement or purification of the oils; and for the separation of the ~ 
fatty acids and esters derived from the: eeburali products. 

© «8s, Investigations should be made dealing with the development 

of methods for converting the domestic nondrying oils to drying oils. 
Studies.in this field shovld also inelude mechanism of film formation, 
oxidation, and polymerisation, plasticization reactions as well as practi- 
cal problems on formulation, production, and testing of derived products. 





© 9» Problems pertaining to the industrial utilization of oils, 
fats, and waxes for the preduction of soaps, wetting agents, dry—clean- 
ing fluids, ete,,are in need.of investigation. Of considerable import- 
ance to the domestic oil and fat industry is the possibility of adapting 
domestic cils to the processés in which imported oils are now used, such 
as Olive: oil in the textile industry, palm oil in the soap, tin, and 


terneplate industry, and sperm oil in the leather industry. 
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Oty Part IT there is’ included a brie? review of the economic 
status of peant 
during the past few years bee 
3 of appro: ite 
ending Septetiber 30, 1997s > oS 

“< Ay extensive domestic market for vegetable oils is now being 
filled to a considerable extent by imported oils, but research directed 


$. In spite of increased production of peanut oil] 








use of greatly increased’ crushings, 





s were madé in the’ 12 months 


toward specifie adaptation to these requirements may open up a larce 


new outlet for peanut eae 


Average production of peanuts has varied between 610 and 802 
pounds per acre for the years 1916 to 1937. At this rate of produc- 
tion the price per pound necessary to insure an attractive return to 
the grower does not usually permit peanut oil to be produced so that 
it can compete advantageously with imported oils. It is apparent 
therefore that the most vitally needed research on peanuts is that 
which will increase the yields of nuts per acre or reduce the cost 
of production to such an extent as to provide a satisfactory net 
return to the farmer and to permit successful competition with in- 
ported oils. : 

Zhe proteins of peanut meal are more readily obtainable in an 
unaltered condition than those from cottonseed, because of the ab- 


sence of such severe processing as takes place when cottonseed is 


._ eooked prior to pressing. If care is used in the selection of nuts 


for pressing there should then be available in the meai an excellent 
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raw material suitable for the production of new and interesting 
proteins) and other products of industrial value, and capable of 
extending the uses of peanuts into new industrial fields. 

In the outline of proposed research that follows there will 
be found, besides the agronomic and protein work stressed above, — 
other sections of vital importance to the whole study. Some of the — 


program are now under active prosecution 





features of the followin 
by Federal, State, and other agencies. The proposed program will 
be fully correlated with all current research and no lines of work 
now being adequately pursued will be duplicated. 
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‘1. In Gooperation with related production research of the 





ment and State agricultural experiment stations, genetic, cultural, 
varietal, and other investigations to imorove peanut varieties, increase 
yields, and decrease costs per acre and to widen their regional adapta- 
tion and place in crop rotation and in the agriculturel economics of 
the South. | | Lm sia 
Processing: 

2. With the objective of new and extended uses, chemical, 

physical, engineering, economic, and other investigations of methods 
of hulling, blanching, pressing, extracting, and other treatments be-’ 
fore or after pressing and oxtsantons® to reduce costs, improve quality, 
yield, or composition of oil, protein, or other peanut components, or 
to protect or modify advantageously the properties of any component, 
during or prior to the pressing or extracting process. | 

. 3. Chemical, physical, engineering, and other research to 
improve refining, bleaching, deodorizing, hydrogenating, or other 
processing methods; to reduce costs, improve quality or yield of oil, 


er to remove, protect, or modify advantageously the properties of any 


component; or to deteritine the composition of, and methods for the 


‘recovery and utilization of any component removed in these operations. 


“he Chemical, physical, engineering, and other research to 
develop or improve processing methods applicable to or required in 


the production of peanut proteins, or components of or products made 


from, peanut proteins. 
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om “i. physical, engineering, economic, and other re-. 
search to develop new industrial uses specifically for peanut oil, 
fatty acids, proteins, hulls, and other products and components. — 





_... 6» Ghemical, physical, and other research to develop methods 





analysis of peanut oil, fatty acids, proteins, and other 
sels products and ¢ 
...I, Onemical and physical studies to determine the various 


components a 





fundamental characteristics, reactions, and properties of peanut oil, 
fatty acids, proteins, and other peanut components. . (See sections on 
Proteins and Vegetable Fats and Oils, Part III.) . 

Be Fundamental | giens.ga), and physical studies on the isolation, 
eihatinninaise » reactions, and properties of phosphatides, sterols, 
vitamins, pigments, and other minor components of peanuts. 

9+ Fundamental, chemical, physical, and engineering studies 
on the effects of metals and other materials of construction on the 
color, odor, stability, and other chemical and physical properties _ 
and reactions of peanut oil, fatty acids, proteins, and other peanut _ 
pore. cael, chemical and physical research on methods for 
the, modification of peanut oil, fatty acids, proteins, and other 
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PART ITT ‘OF 


ae 

ih Part “I, - the eurrent domestic apple | situation is con= 
sidered in some detail ‘as well. a8 | the chances which have taken place 
during recent years in regard to various phases of apple et gna 7 
export trade, Anoreased competition of her fruits, etc. There < is 
pointed out that over a Jong period so yours hae apie, production has 
decreased only sligntly, althouch the number of bearing sens baie 
has decreased trenendously. sell trend sugcests holy the prereset ge ane 
nual production during coming ere is net. jakely to increase, e | 
instead may show some decrease. 

‘ Increased competition from other fresh fraits, particularly 

tis citrus fruits, the large loss of our apple export trade, which 
nee vig vier ahe especially olga apple growers tn the Pacific Horthwent, 
and other economic factors, a been largely responsible for the ac~ 
cumlation of “large surpluses ps marketable apples and mnsatisfactory 
price conditions, wai ch have prevailed during good production Lineage 
In addition to large surpluses of first-grade apples, enormous quantin 
ties of culls acoumilate anmally, for which 3 new profitable uses are 7 
sngently 1 neta. Approximately 20 vichceit of ‘the total eke. crop ~ 
‘inal in the preparation of apple decay auch as Sa VANDER, canned 
be sy sauce, tees and in these ‘processing plants large amounts ae | 
Fomene p seods, and other by-products occur which are largely rasted. 
At present, apples find ; no iuimiida’t uses. 

As a raw material for preparation of products for other than 


food or beverage uses, the apple is relatively expensive since it con- 


Sists of over &5 percent water. Transportation costs to processing 
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oom 
res ed therefore sie an ars Tien of expense for any method 
of ‘utilisation, a he case of alt ore; — is ‘sorted out at 
the packing plants, and the 2 by-product watoriale available at proveasing 


plants, transportation costs are borne entirely by the present salable 


products. For the utilisation of surplus fruit, however, which in many 


instances is not harvested, at wi be necessary to find such profitable 
uses as vill Sagi the entire cost of production, collection, transpor= 
tation, and processing. for ‘hiee on other reagons it becomes apparent 
that the developaent, of profitabie periodic oatnete for apples probably 


37 the main will be confined to surplus fruit in areas of heavy produe- 


he 9 oe, ce apples, and to the ‘ponace available in processing plants. 


: In considering 1 new uses for the apple ree composition of the 


apple is of herbal importance. “The dry segs of this crop consists 
shietty, of fermentable ‘sugars and p pectin, with minor amcteante of cuticle 
wax, protein, fat, “fiber, malic acid, and mineral constituents. of 
‘aeahe qonsti tuents pectin pe cuticle wax ‘ offer the greatest promise 


in development of nonfood uses. The dveegion of apples into industrial 


charnats for applications dependent on the other components Se 


an admittedly gin a problen. 


: A ols gee of research to serve as a basis ‘for the industria’ 


utilisation of hag ap will be most , effectively pursued by close coor= 


Shesttn. with economic surveys and analyses. 











. wth comprehensive phystoochenical and ‘chemteat, darveatt catt 


to cupplenent our mene Anadequate | informa tion on the composition of 


a gel = different varieties at Sifferent. stages of ripening Will be 





conducted. » ane more complete information concer ring the individual apple 


constituents ¢ tus made available will be of fundamental importance in 





a a Problens_ on “storage 2 geveuatien. and water removal encoun- 


. tered in processing ‘pli will be attacked. This type of research will 


wee dependent, on the processing operations. to bs apples are to be sub- 


he ie the uses. developed for Apples or theix products. Current 
Knowledge evolving | from food research on apples. wilh aid in the orient- 
ation of work in this field. 

ws eY Methods win, be refined or allel for the tlie of 
pectin syon apples. Apple somnte, the waste from processing plants, con~ 
tains about. 15 =. 38 persent, pectin ang iss peri cvariy Denis Source 
of material. The chentLcal and Physical properties of apple pectin will 
be determined, and the. results will be. applied to. develop new or to. ex= 
pand old uses for this product. _ (or additional details, see section 


On n Pectin, Part mm. % 


sriali, laboratory ¢ studies will he made on the » eaeline of the waxy 
coating of apples from whole apples, apple skins, or pomace. Particular 
emphasis will be placed on methods permitting the consecutive preparation 
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of cubiele wax ane os The senadtiuente of the wax will be 
separated, ‘determined, and, bongo chemi ond. preper tt os elucidated. 
Industrial uses for the wax itself or the semanas will be inves- 
tigated. of sueetas pace Pin 4s the constituent ursolic acid 
which nay provide an economical source of voy agelncaiores tee =~ | 
opp eed of such | pharmaceuticals as 5 the sex “hormones. 





ther_compom 


ve are Investigations will. be condusted on constituents such as 
sugars, pectins, fats, acids, ete. Their ‘preparation will be considered 
and their possible 1 uses weighed. : : 
Zementation: pn eee : 
| 6. ilerotiological : studies on » processed apples designed tng 
produce compounds of possible industrial value will be inetituted. 
Various molds, bacteria: or saubinntton of micro-organisms will be 
tested. The direction this research will take will depend on the re- 
sults obtained. (for further information on this phase of the program 
see section on Fermentation, Part ITI.) 
eed Produ 

7. Methods will be developed for separating and collecting 
seeds from the flesh or expressed pulp. The oils, proteing and other 
constituents will be separated and their compositions determined. The 
possibility of utilizing these products as industrial sources of raw 
material will receive attention. (For fundamental programs on related 
materials, see sections on Proteins and Vegetable Fats and Oils, Part 
x.) | 
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‘8. Promising results on the laboratory scale will be trans< =~ 

planted to the pilot plant basis. 

| 9. In addition to and correlated with the forementioned inves= 
tigations, studies to ie ket the economic feasibility of developing 
~nonfood uses for apples will receive attention. Such studies will 
“Gnelude a broad economic survey of the potential and actual apple sur--» 
pluses, culls available, and their geographical distribution particvlar- 
“dy in relation to existing processing facilities, and will involve a 
careful evaluation of the economic possibilities in the development of 
new and extended industrial uses for apples eas such, as well as uses - 


for their individual constituents. 
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<a spoil ; lina ae 5 prunes, — apricots, olives j 
point of farh value, are the fruits considered in this section, The eco- 
Auic View, production fizures, and the surplus situation have been dis- 
cussed ih Part II. There’ 4t' was shown that the. trend ‘in pralvetion ie 
toward’ tioderate ‘inereases in the more important frvits. “Anfual eaoaes 7 
per capita production of 3 ‘Leading fruits inereased from about 177 ‘pounds 
for the {i928 period to 206 pounds for the past Syear period leashes) ij 
this increase being consumed uainly in the form of juices’ ; Bg: 

Practically all ‘the eruit marketed is used as food, either in 

: the frésh, canned, oe dried form, or ‘as juice. | Ghis tnatent? out ae 
find industrial uses 9g tor sidthiiedeal » certain grape concentrates are employed 
for the production of tartaric acid and tartrates. Owing to the tremen~ 
dows ‘quantities of fruits processed either as canned flesh or shes huge 
tomimneed” ‘of refuses ‘gad eee are ‘available Yor faviien uses. In 
addition, about 15 to 25 percent of the ‘total crop in the form of eulke 
is in “urgent ‘need “6? profitatle aaiote.” In addition ‘to pomace wacked 
and culls, ‘the f ollowing appreciate amounts “of a more Anportant fruits 
were in ‘Surplus this séason: Peaches . 600, “000 tons ; “grapes * 700, 600 San 83 
pears, 200,000 tons; ‘cantaloups, ‘t50, ‘000 ‘tons. 

Yost promising as raw naterials for industrial uses, are  eente 7 
Gommodities now in surplus regularly or those constituting wastes or 
nuisances. “In the lstter class are cull or submarket grades of fresh 
fruits dia the waste or cand varbiane abet Na noeuelate at 


centralizing pointy’ waere the fees fruits are prepared for market, 
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ee 
Analogous materials at processing plants are fruit pits and-the fibrous or 
pulpy wastes ef fruit juice manufacture. In most cases these materials 
have no value, and serious problems are introduced in attempts to dis— 
pose of them in. streams or rivers. 
. » In developing new uses for fruits or their products, economic 


considerations and a lmowledge of the composition of the various fruits 


are of primary importance. Fruits contain about SO percent water and 


are rich in sugars, pectin, and waxes, As a whole, however, chemical in- 


formation on.fruit constituents is quite inadequate and must be secured 


to adequately evaluate the possible industrial utilization of fruits... — 


The proposed program therefore has as its first objectives the 


determination of a complete chemical inventory of the various surplus’” 


fruits, and the evaluation of the economic aspects of their industrial 


utiligations | 








Le Studies. will be made, in cooperation with: related production 
research of the Department and State agricultural experiment stations 
on the effect of environment, genetics, breeding factors and orthard © 
management, upen the kind and amount of the chemical constituents in the 
fruits and their seeds. Maturity and ripening of fruits as they affect 
the components of fruits and seeds will receive: similar attention. © These 
studies will be coordinated with related research activities of Federal 
and State agencies. 


Storage and 





2. Methods will be improved or developed for storing the hydrous 


or anhydrous fruit, processed fruit, or pomace as this factor relates to 
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ee new uses. The physical and chemical conditions for preserving fruits in 
their various forms will be determined. Among the factors which will be | 
considered are temperature, hunidity, and use of gases or preservatives. 
Studies of this sort are necessary in the development of year-round . ine : 
dustrial operations. The processing of fruit as related to ie stony erind~ 
ing, separation of the component parts of fruits, etc., will be examined. 


Census of constituents: 





B.  & fundamental research progran will se inttiated to determine 
by physical, chemical, and biochemical techniques, the amounts and the 
kinds of constituents present in the different parts of the various fruits 
under consideration.. These results wall suggest which senate 
fruits, or varieties of fruits offer promise in regard to industrial uses. 
Pectin: ©. | i diaitiaa s laiaseas Nag 

ov) 4 Improved methods will be studied for the igolation of the va~ 

rious froit pectins from fruits, culls, or processing wastes. | Informa 
tion will be secured on. — fruits afford the most practical sources of 
pectin. The physical. and chemical properties. of these various s peetins i 
will be determined, and the results will be @ plied | in Sac oversng new 
uses for these materials... For detailed information on the program te we 
PEERS NF PREG SMA AT 

Cuticle waxy. 

5S» Improved methods will be developed : for preparing the waxes 

from the various decicuous and stone fruits or their processing wastes. 
The properties of these dizferent WAXeS will be te epee > and. the | 
waxes separated into their components... Physical and chemical investiga 
tions will. be performed on the constituents , and their possible comuer= 


cial uses will be probed. Cuticle waxes occur in veletdvers large | 
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amounts “in the ‘snocthskinned fruits. of colsiderable 3 ienificance will 
‘be data ou the qiantity of urselic ‘arid oleanolic acid present in these 


waxes, since the acids’ because of their relationship to Cea! » are oil 


tential raw waterials for the se hgee 6f nedicinals « as 5 well « as other 


eyrithia tt! industrial — 


war ¢ 





Yeretab@y Perapas} erape pomice, ‘plums, ‘prunes, “and certain varieties of 


_therries* are rich in purpile pigments Waich will be eepareted by Ampioved 


é6renew procedures. The ‘pigments wilt be resolved ‘tats the components, F the 
physical and ‘chemical adhe COPEL EES ‘of ‘Wich will be determined. ‘Their 
possible use as industrial pigments will be evaluated. an ae oe 
Qther products: — : he as 


is%, Fruit sugars, acids, flavors, enzymes, etc., will receive ap- 


‘opriate treatment,’and uses for these compounds in industrial channels 





will be! investigated.” The production fron domestic crops of tartaric acid 
and tartrates that at present are ‘orepared in es “from imported grape con 
centrates will ¥ecéive éxtensive treatment. peiticry demands for tartar~ 


ic acid. present ‘an opportunity to establish a new dqueatie page is that 


Ses om iy Sor p4 


will utilize grapés as a raw material, integra! 





wastes for the preparation of acids dnd other special onganic “compounds : 


will receive attention, © * particularly way of invés ti cation is the con= 


version of waste fruit products “Gnto artificial manures. these investige- 


tions will be eonducted ‘plone Lines similar to ‘those described for. the is 


fernentation 6? elncose arid starch in ‘yebmentatl on, ‘ Part UIT . “gad ‘for 
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the conversion of ateule ee to artificial fertilizers under 


aad in he section on Agricultural Wastes, 1 et aie 


oa seed, and shellst 


a i liethods will be developed for ey expression and recovery of 


pat Bi ge oils. Physical and chemical studies wilh be "performed on the va~ 
vies. ota & as well as on ‘their constituents. (For detailed program see 
“Yecetable F Fats and Oils, "Part. III. ) "Seed or ‘pat proteins will euuetre 
“tnvestigation : in ecard te preparation, « eet ermine tian of ‘properties, etc. 


“(See Proteins, Part III.) ” deudies will be carried out on the isolation 


and characterization of tha saline seed. cons titaente such as the elyco- 


“sides, alkaloids, perp enzymes. Applied research will be perforsed on the 
possible industrial utilization ‘of these materials i as 5 well as of the 
: ahells. ee als SEN eee | | | 


Paotaplast operations eg as 


De laboratory results of industrial promise Pk an in “the ‘iyeee 


going investigations will be subjected re pilot-plant ‘studies ‘in order 


yer evaluate further their possible comercial utilization. — 


SUL 


a Sceneute seniien wink be. an integral ‘part of pe research hae: 


“veloped as as outlined a the preceding programe A ‘careful survey of the 
7 distribution, availability, » and amounts of raw r naterials will be made as 
f well as of their component parts. | Subsequent to these studies, research 
ee the sbonienie nerit of new ‘ereanets: or ‘nethods wild be developed, Such 


ge Die file 6p verelt. a shectenal: Laboratories ‘to give industry not 


onay scientific and beshnapel ant omuati.on ROprernang these ebchako-otamanes 


: put. they alee wid ba sh le 40: wnalers, dateegtsion ‘relative to. harvesting, 


processing, and manufacturing costs for industrial uses, which will 


facilitate incustrial evaluation of the work. 
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CITRUS FRUITS 


One of the recent and significant trends in fruit ‘production con= 


cerns the ptr licking Tearakas in the output of citrus fruits. As yields is 


vary from season to season, sufficient ‘aoredge mast be maintained +6 
care for these fluctuations and So provide for consumption needs in 
lean erp years. This means inevitable surpluses in years of bountiful 
ea The surplus asim tan is expected to become more acute as 
young ‘trees, planted several years aco, come into “bearing. ‘the approx- 
imate anaunte 1/ on the fresh fruit basis of ‘citrus fruits ‘in erstea 
are as follows: Oranges, 60 thousand tons; grapefruit, 120 thodsamnd 
tana? and lemoha, 57 theunand “tons in addition, peed tes over 100 
thousand tons of citrus fruits wors not harvested end had no farm value. 
Tremendous suassitsan a2’ pamhene wmaten trae Erarnanine plants, are 
anmally discarded and, therefore, available for industrial purposes. 
“ Citrus fruits are relatively rich sources of pectin, essential 
oils, and citric acid. tamer ace orenee pest cn the dry basis contain 
approxinately 50 percent hae and the yield of essential oils He ton 
of fruit ranges ‘between six ‘and twelve pounds. These products, as well 
as eltelo aaid, are now manufactured from oitrus fruits and find use 
in the food and wyuthetis industries. An important recent develop-_ 
ment Pye large increase in ¢ our spark cies of presins Uses 
have not yet been found tor ‘the seed oils and proteins, press cake 


and the elyeosides, | hesporidin, and nar ings Discovery of outlets 


1/ Us. S. Department of Agriculture Preliminary Estimates of Ferm Products, 


--By-products and Wastes Available for Industrial Uses (1935). 
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for these rehiets would ‘help to bear tho ‘cont "of "preduting pectin, eit 
ric acid, “and essential vila and place the iatustry oh a souster —* 
tive bhales “Ecounling ‘parkete for eltrus produsts would, no | dees: re- 
sult fran ‘Ynformation fade available oe bread research ‘program on citrus 
fruite. — 

th prowsctine the: ‘following program it ia recognized that some re- 
search has already been is and ether work | is now in progress along lines 
analogous to those proposed. Eouliver, ‘Tahereated. groups desire further 
expansion of these fields of work and Funddnental date on the ghyaieal 
and chemical properties or the Sonativucnte of citrus freee, 

Yt Pofemlating & sound procram an i poapable Modeetrial utili 
sation of ottrds eh an economic inventory of opirolens fruits is of 
first importance. ‘the following proposed progran takes these © factors 


into consideration. 


1. Citrus fraite ‘are among "the most varlavie of all hortieuitar- 
al products. Variations in ene, color, eng texture, quies Bonieenh, 
and Sotipos ition are influenced by season, “clinate, soil, ‘fertilizers, 
root stock, and’ variety. “For this” reason, “quality studies on citrus: 
fruits and their produets will be integrated with their eulturad and gen- 
PU tS Ae Beadies Wilh be arranged with existing 
agencies of the Department of Agriculture and the State agricultural 
experiment stations to perform the horticultural phases of this work. 
pecksn ) oS ee hommeterigzke cbroos sd a2 


maper ss “taproved and ‘Yess Supend ive methods ‘of extraction wili - 
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mentel study will be undertaken to secure physical 





investigated. A f 
and chemical data which will be applied to improve the nature of the 
product and to extend its uses in industry and medicine. For a detailed 
deseription of the program to be pursued see Pectin, Part III. 
Citric acids 

3.  Purther studies designed to lower cost of production of citric 
acid from citrus fruits will be undertaken to meet the competition of 
fermentation citric acid, Although citric acid and citrates have been 


comercial products for many years, their possibilities as sources for 


synthetic chemicals have not been thoroughly exploited. A study of this 


type will forma basis for further industrial development of citric acide 
Essential oils: 
ly Use of the essential oils of citrus for flavoring and medici- 


nal purposes dates back to early history, but methods of production still 


‘need to be explored. » A study will be made to improve the quality of the 


products and to reduce the cost of production. These oils consist chief- 
ly of terpenes. If terpenes can be recovered from waste citrus peel at 
@ low enough cost, they. mey find a market in the lacquer and synthetic 


industry alone with the dipentene fraction of wood turpentine. The dee 


terpenated ‘oils already are used to some extent as flavoring agents for 


‘beverages and other food products. Studies directed toward reduction 


of production costs and the development of methods of preservation will 


receive attention. 


Glycosides: 


5. Citrus fruits contain the characteristic glycosides, naringin, 


hesperidin, and “eitrin." Investigations will be instituted to determins 
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hese paper esa, physical, and chemical properties. The industrial 
atiliaation of “hes he ppd ane their use as sources od rare sugers 
peel flevanones will be » investigated. 
other + bysproduetss : a as i a 

A In addition to the citrus components 5 previously mentioned the 
rivers, sugars, vitanine, ot fo present in citrus fruits wikk receive ate 
tention both from a fundamental and an eyplied point ae view, : 7 

Seed productar | ; ca ee Oye we 

al ‘Bnormous ‘volumes of aeed ascumiate et ‘thn Ween 
plants and this sartorial otters an important source of oils, fats, pro- 
teins, ete. Methods will be developed for isolating these products and 
characterizing them, and studies will be made to determine their possible 
commercial utilization. For further informetion on this program, see 
sections on Proteins and Vegetable Fats and Oils, Part ITI. 

Peel, rag, and processing weieene 

8 Citrus wastes are already serving as a humus and fertilizing 
material and are being returned to the soil in liberal quantities. fFure- 
ther investigations will be performed relative to the composting of these 
wastes. For a detailed program, see Composts in the section on Agricul- 
tural Wastes, Part Iii. 

Wierebiological studies: 

9. Studies will be made on the effects of different organisms and 
of different strains of the same organisms on citrus wastes, cull fruits, 
and rag under controlled conditions of air, temperature, and humidity, 
with the aim of developing products of tedaetriad value. For further 


details, see Fermentation, Part lil. 
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Economic studies: -— 

10. Economic studies will be an integral part of the research 
programe A eareful economic survey of the potential and actual sure 
pluses and culls available from citrus fruits will be of primary 
importenee for an industrial program, These findings will be more. 


truly evaluated when considered in relation to the amounts and kinds 


of constituents found available fer possible industrial utilization. . 


The economic merit of any research developments on new methods, or 


new products will be determined. 
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Bs de constitutes a pple enter ea of the middle lamella, 


the material which binds he be pg te valls of piant cells Sogevher’s 


the qotter. plant tlesues, euch as fruits and certain vegetables, have : as 


B. rule smash. higher percentages: of pectin bia woody tissues. Among the 


principal sources of pean are Applet, oranges , Lanoun, and crevetieutts 


also. apple pomace and citrus pulps left after the commercial extraction 


of fruit juices; ane, beet pulps. a leprotuct in be Pentecture of beet 


Bugare. The. pectin, content of some et these materials on a ary basis is 
,estinated as follows: Avyie. pomace, 15-16 percent; Lenon pulp, 30—35 per~ 
cents. orange pulp, 30-40 percent; beet pulp, 25-30 percent; mrvote, 78 


percent. 


athena the. chemistry, of Py ee seems to be a complex car~ 


, bohydrate derivative of high molecular weight containing arabinose, galace 
_ Wose, and galacturonic acid units, is still not very well understood, con~ 
. Siderable progress has been made in the industrial utilization of pectin. 


vy Prodyetion and exports of pectin have increased strikingly in recent years. 


Two Mytepending physical ‘properties, ges formation and plage, are 


_ Fesponsible for the great comercial importance of sai Ni = use of this 
material has been made in the manufacture of jellies, ‘om, 2 and marmalades; 
_ asa stabilizer. for tomato Juice and cxtaups as an emlsifying agent in 

_. the baking. and goehegtion industries; and in salad dressings. Pharmaceutic- 


» ally : + 48, pape. in the manufacture of stalin of tagtor oil and mineral 


oil laxatives. — Further it is employed : as a sa: oll ye or or mad ween 


Kaolin for the treatment of Syzentery, Po ped use being based on the aise 
 govery that. pectin inhibits the. growth | as ery intestinal pathogens. 


.~ Many, other uses are being evaluated such as in the sineeiathon of tans 
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spray emulsions, the manufacture of mucilage, and as a blood aggluti- 
nant in dressing wounds. ee nO 

%o afford a firm foundation for the further industrialization of 
pectin, @ broad program emphasizing the fundamental study of pectin is 
proposed. This, together with applied studies, is outlined below. 
PROPOSED RESEARCH PROGRAM 
Agronomic: Li be ma coche Meneses aa 

aw lheoda encpetittow Wet tie State agricultural experiment sta- 
tions and. other Federal agencies, this research will inelude the ‘study 
of the effect of variety, location, cultural conditions, etc., én the: 
yield and quality of pectin from various sources. 
Preparation: 

2. Studies will be made om the drying and storage of fruits, 
vegetables, pomace, and pulp, in relation to pectin and its extraction, 
and investigations will be conducted on the development of improved and 
cheaper methods of extracting pectin. 

Physical properties: 

3. The physical and colloidal properties of pectin and its gels and 
emulsions will be determined. Pectin from various sources will be em 
ployed and the reasons for differences investigated. Modification of 
these properties by chemical reaction or by the addition of electrolytes 
or nonelectrolytes to gels and emulsions will also be examined. 

Chemical properties : 

4 The preparation and properties of chemical derivatives will be 

investigated and an attack made on the problem of the molecular constitv- 


tion of pectin. Engyme action and both alkaline and acid hydrolysis may 


be valuable. 
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Pilot—piant operatio 
: Ree lam work belgie include all problems arising from the trans= 
sad of production processes from a laboratory scale to. a Semicomercial 
or commercial Pt aptedee and will bed aimed toward lowering costs and iaproving 


the quality of the product. 
Utilization: 


Lan _ Abtempte will be nade both to inerease present uses and to _ 
find new uses } for pectin , mole peatinase » and Related. substances . _ Further 
study wilt be made of the use of pectin as a stabilizing and emlaiizine 
agent, as in pharnaceutical and spray emulsions, and in the control of 


fermentations ’ etc. 
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°.) 88 & general review of the production, disposal, and economics of 
the vegetable crops of the United States has been given in Part IT. 

A picture of the relative importance of vegetables and of the problen 
of their utilization may be gained by reading that section of the re- 
port. 

~~. Vegetables may be used as fresh products and in canned, dried, or 
other processed form as food; in crude or processed form as feeds, in— 
Cluding much material otherwise wasted from fresh or cannery uses; and 
for industrial specialties other than food or feed, usually as cull 
material, surplus goods, or parts discarded during processed food manu~ 
facture. 

New uses of veretables must be planned to fit in with one or 
more of the present main channels of crop disposal. The coordination 
of new activities with those already under way mst take account of — 
the availability of desired materials in adequate quantities, possible 
cometition with present business, and the secondary effects on pres- ~ 
ent agricultural practice of any new activity that develops. 
eee These: commodities now in surplus regularly or constituting 
wastes or nuisancés of present business are the most promising raw ma- ~ 
terials for investigation. Théy comprise, in the main, cull or sub- 


market grades of fresh vegetables, and the waste or discard portions — 





such as celery and lettuce trimmings that accumulate resularly at cen- 
tralizing points where the fresh foods are prepared for market. Other 
materials which accumlate at processing plants include asparagus 


butts, pea pods, vines, arid like substances. In most cases these 





wastes are already serious problems, because they constitute actual 
nuisarntes that require early attention to prevent danger to water sup- 
plies or public health and comfort. 

‘However; it mast be borne in mind that production of the com 
modities which contribute to the waste supply is seasonal and that, 
therefore; the wastes accumlate during relatively short periods of = — 
time. This means that, if they-are to be uséd for industrial manafac- ~ 
‘turing purposés, they mmst beso processed initially as to furnish ~~ 
the continuous source of supply necessary to support such utilization. ~ 
4s ‘It whould also be pointed out that in any program dealing with 
the, development of industrial uses for vegetable material the fact that 
po materials are produced in widely seattered areas of the country 
must be considered. Moreover, many of then are of highly perishable 
mneture, which is a serious obstacle to overcome in the development of 
® program for their utilization; but perhaps the most serious handicap 
in the development of uses for these commodities is their low content 
of constituents now having industrial value. Furthermore, ‘present 
kncwledge of the chemistry of many of these ¢ onctateantle is inadequate, 
which fact makes more difficult the problem of their isolation and 
characterigation., .— 

. Por these reasons, vegetables:as a whole have received relative= 
ly little attention from research groups that ordinarily might be ex 
pected already to have developed programs dealing with wider industrial 


.) om formlating a sound »program«on the possible industrial utili- 


| zation of vegetables, economic studies and a chemical inventory of 


vegetables are of first importance... 





~ 


8S “ithe following lines’ ofresearth: will becundertaken} <« 


pricvltural: 





80° 2)° oR cooperation with State agricultural experiment. stations 
and 6ther Federal asencies, the effect! of nutrient md climatic conditions 
and varietal’ chanres on the kind and amounts of various chemical. constitu- 
ents produced in’ the roots, stalks, leaves, and.seeds of vegetables. Cer- 
tain physidlopical disturbenees of plants, for instance, have been found 
to: be ¢aveed by an inadequate supply of some minor element and such dis~ 
turbances may Sériously affect the quality of the commodity. Studies 
of this sort offera logical attack on the problems dealing with the 
development of cheaper, vet better balanced commodities, and they may 
point the way toward the development of types of vegetable products - 
witch Wil be particularly rich in some special constituent suitable. 
for industrial utilization. 
Census of constituents: : 

“25° A complete inventory of the constituents occurring in the... 
vecetablés will°bermade.: For such an inventory a compilation.from the 
scientific literature of all recorded data perbaining. te! suese. CO. 
modities is necessary. Work of this hapheal ‘be begun during) the con- 
struction of the laboratory~ buildings. This information will be. supple- 
mented by date obtained from analyses:of vegetable components and quan- 
titative determinations of their: physical constants... Knowledge made. 
available by these studies will aid in evaluating tie possible indus- 
trial uses’ for the different vegetables. | | 





Se Economic methods for treating the surplus commodities or 


their processing wastes which will permit their storage to facilitate 
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industrial use e mst | oe “developed. “These ‘nethods may utilize > freeaing, 
aia 4 ena, Lo SrAIwcaAe Ly PRPS 
drying, or or controlled fermentation, or a combination of any or yall. of 
these factors. “Optima conditions for storage of vegetables < or pro- 
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cessed ¥ veg ore will require  teedes lens ‘ta soopidecing the ine 
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Gavriel pit ies of vegetable products, proper storage is neces 
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— " studies of sigs tamil , humidity, and age use - inert gases 
ine be included 24 Coy a ae monly et 
Plamentes kes ieee “ iste neues ay + 
| 4, Carotinold pignents (gat-soluble 2 red and Ly pei genta) 


are e present ‘din Sarrote, spinach, tomatoes ; aquashes » and pumpkins. 


the development of sacra maken vel hageoed penny ery ibe SEREe sur 


plus comtodi ties will be investi cated. “Uses for ‘these pignents | have 
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"5 . ‘Flavins : (water-soluble pignents) are »reenish-yeLlow pig 
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nents 3 which probably & are > present in vegetables. ) Prac ame * no ‘inter 


Par? 


nation | on ‘the nature or eaten of “flavins in sgorneee the sources is 


We 


available. ‘Studies wi, be and tisted to secure the mnenLedge neces 


ey to ‘evaluate their paanebla utilization in ‘industrial 4 fields. ’ 
Ave LAS. 9 TiN. SOUT CGe OF - waked, node wil cevelc: 
6. “chloroptiyil  Shelgeamaaed green pignents) investi gations 
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will sa carried out to determine the economic ‘feasibility of preparing 


~ 
OF Wii be detheanines 
ye Sak o fats wes git ELS Ee 


chLerophiy1 fron the deop-green vegetables of wiich spines sone ‘to 


¥ Ms et i 
se 


Real, ke 


Uy Ee a Lisge% 


offer ‘most. pci hay These atudies will follow closely and will be co~ 


ordinated with the sop Po ie sence in Sie nent on Rae 


: sty BR ares ln 
Ys oF gate 


J j ‘Ves s, ‘ oy aS sky toed GD Be We OS, hd. ne ach Wry oe i t yy 3 wt td gee § anes oo bat ce eoe FPR la Fs Bg 3 


falta, Part III. 


ee ey ee ea ee eae pe a ae ee: ee ee pares Ania <siaweten 
ib LMiMS ir Hin Aad awen Es DWE -VAPAMUs Sor ore Bern yen 





. %e . Anthocyanins (water-soluble, bluish~red pigments) are found 


chiefly.in. beets and are most abundant in young and rapidly crowing 


tissue. Studies on the preparation of beet pigment and on the deter- 
mination of its properties will be made... Possible uses as a coloring 


agent. will receive attention. 


Pectin: 


» Be Vegetable pulps are relatively rich in pectins, “Investiza~ 
tions will be initiated to develep methods for producing pectin from — 
vegetable sources.  Paysicochemical and other studies similar to those 
described under Pectin, Part III, will be made. 

iis and fats: 

9. Seeds, skins, and plant leaves contain the major portion of 
the fats and oils in vesetables, Except that they are not non-drying — 
oils, relatively meager information is available on their chemical and 
physical properties and on their components. Research will be done to 
supply this information, This phase of the work will follow closely 
that. presented in Vecetable Fats and Oils, Part IIT. 


vegetable Cet ae 





10. Of the vegetables; Brussels sprouts, cabbage, and turnips ~ 


are the most important sources of waxes. Methods will be developed for 
preparing the waxes and for separating their components. The proper~ 
ties of the waxes and their constituents will be detérmined and their — 
possible industrial utilization evaluated. 


feprocucts: ) =» 





ode dnvestigations will be undertaken to determine the nature and 


possible industrial utilization ef the various byproducts derived from 


Fass ud 


; aidoeq yukoubowg wt ebodien golew 


ntedtd no of 


“eh 


bene 
. 
% 


$a 


ality 


bb ot nonled rebut ed 





! 
(o>) 

} 
(08) 


vegetables... Taese include such substances as proteins, sugars, amino 
acids, enzymes, and fibrous substances. | 

_ Tae protein content of vegetables, excepting the various seeds, 
is much lower than that of many other food materials. Comparatively 
Little is known at present regarding nonseed vegetable proteins and 
basic. investigations must be. made before the various vegetables may be 
soundly cvaluated @§ possible sources for these nitrogen compounds and 
their various derivatives... Certain of the vegetables, notably aspara- 
gus,.are of interest as possible sources of specific amino acids; and 
the potentialities of these ‘commodities fer such compounds will be - 
studied. 

‘The various carbohydrates of vegetables need further investiga- 
tion from.the viewpoint of new and extended uses, and such studies will 
be made on those vegetables that are particularly rich in this class 
of compounds. 

>) When considered on the dry basis, there is, relatively speaking, 
but a small qumtity of fiber left from the pomace or residue after 
other valuable materials have been recovered. Attention will be de- 
voted to this fibrous material, which apparently is largely hemicellu- 
losic in type. (See Hemicellulose in Agricultural Wastes, part Tit.) 
Fermentation and cormpostir 

12. licrobiological studies on vercetables will be carried on with 

the aim of developing profitable methods for the production of useful 
materials. Various micro-organisms under a variety of conditions will 


be tested on vezetable products. (See Fermentation, Part ITI, for a de- 


tailed description of the program.) Methods for the development of ar- 


tificial manures from vegetable wastes will be investigated. This 


oO 
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work will en Sy program outlined in the section on Com 
poets and soil fnrichaent. in 2 hgrievLturel Wastes, Part ITI. 
zstotn i Ya) ie Gnd pf prod ee gone | Nae oe 
sage: Pe Promising Iaboratory resulta will be transferred to the 
pilot-plant scale, "ane Ghemiseh ‘engineering studies will be made in” 


Senneetien 7 subsequent transferal ‘to ‘industrial processors. t gh at 


peononie analyses: 
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the research progran for the industrial utilization of vegetables, sites 


Eannct be overemphasized. ‘saer ‘studies “will inelude a broad ecoriom 
ic survey oT ‘the potentil end actuel VEE etable. ‘surpluses and their 
pointed AP ‘distrib bution, ‘particularly in relation to existing pro— 
peeing ‘factiities. OF Blac will ine lade B earetar evaluation of © 
the eeonomié possibilities of developing Rew Sia” SxtWided shdudtriat 
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PART IIT 
#12 
ALEALFA 
‘alfalfa is the preeminent forage crop both from the standpoint | 

of farm valve ané of production, the annual output approximating 25 
million tons. Its present importance and its possibilities for future 
industrial development are due to a number of factors. These are rapid 
erowth, abundant yields, from two to eight crops being harvested each 
séason, and dase Of hybridtnetton, many strains having been developed 
that adapt it to various climatic and soil conditions. In common with 
othér nodule-forming legunes, alfalfa has the ability to utilize atmos- 
pheric nitrogen and build it into plant substance. Thus, the soil may be 
improved instead of depleted in regard to nitrogen. The crop is, 
therefore, of creat valve in programs of soil enrichnent, crop rotation, 
and offers promise for use in soil conservation work because of its deep 
root system. Of great significance is the possible use of alfalfa as a 
substitute erop, ‘partieularly if diversion to industrial uses can be 
accomplished. ae 

"Host of the alfalfa crop is employed as an aniwal or poultry feed, 
either in the green, dry, or ensiled form. Some is used for manurial 
purposes and only an insignificant amout finds an industrial outlet. 
Because of the demand as a feed in the winter months, the processing of 
alfalfa leaves to a dry, pulverized condition has been a profitable | 
operation in spite of the fact that the material in some cases must be 


transported over ‘long distances; annual production of processed alfalfa 


averages 255 thousand tons, having a value of about $5,600,000. 
‘Direct benefits accruing from a program designed to increase the 


industrial utilization of alfalfa would, no doubt, be considerable not 
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cas 
only in the improvement of the seeoubitng operations but also in pro~ 
duetion of a uniform product of high aes Resultant increased uses 
of U sinsirsciae alfalfa for feed purposes ‘seems Almost Py éaetedntys 
‘Insofar as the Tedeetctal atiiisation of alfalfa is concerned, 
the potentially important components are the proteins and the ‘pigments. 
Very little progress has been ‘wale in devalenine methods for preparing 
and studying the proteins, ‘chiefly because the usual process of drying 
this erop converts the ‘protein into an insoluble form. If this aiffi- 
culty can be overcome " alfalfa which contains about 20. 7 25 percent 
protein would become an important source of cheap commercial protein. 
The pigm ements of interest are chlorophyll and the carotinoid class of 
compounds These are utilised industrially as “shareneeutioale and as 
pigments for soloring soaps, foods, ete. Ab present the chlorepkyil 
and carotinoid pigments consumed in the United ‘States are in part in 
ported and in part Sshapaed domestically, usually from dried alfalfa 
leaves. 
- Considerable improvement canbe made in the ‘denastic process 
iragmach is tie residual sliniiacusal containing the photeie and ether 
constituents is discarded. Development of uses for this ‘neal ; particular- 
7 for the protein portion, ‘would tend % lower the ‘gost of producing 
the pignents, ; which at ‘present is polatively high; and a would. 
facilitate disposal of the pigments ‘in new or old pa AN ‘channels. 
“The folowing progran has been teewis 3 up with the aim of increas- 
ing the ividustrial uses for alfalfa. | 
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wks. All factors, Aneluding eqviroment, that afvect the growte 
and development of alfalfa will be. ptudied. preeding and Sevelepment 
of new Strains will receive Ae particularly as Shey _ineiuence 
the chemical composition of alfalfa. These studies will be carried 
out cooperatively with existing agencies se Sunawtennt of Agriecul- 
ture and the State Sere tere) experiment Stations. 

Ze Harvesting, storage, and drying | studies wilt be instituted | 
in order to Secure & wea y Pe that has tadoxgone a minimum, 
of biochemical change. Information on the eytlons time for cutting, 
number ne cuttings, and speed and temperature of dehydration will be 
opted ned. Grinding and ag he hes opera ons. te effect we mepare eon 
of leaf from stem tissue, to minimize deterioration, to reduce trans 
portation costs, etc., will be sri Lua bLveLyt ethods fo 
Proteins ' Oe oe ree 

3s Protein studies will be given careful consideration not , only 
from the ‘standpoint of developing methods for isolating either aabive or 
ai tered PE but also with the aim of characterizing the product and 
determining its prmpogt sen. _ The limiting conditions effecting denatur~ 
spiee we 2 be, determined, and the possibility of employing alfalfa pro- 


tein for commercial uses will be investigated. For further details of 


this research progran, see Proteins, Part IIT, 


sreen and yellow pi tg: 
4. Methods will be refined or developed for the preparation of 


chlorophyll or derived products, special consideration being given to 
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saw Sh 
methods which will leave the residual constituents of the plant 
in sucha state that they can be isolated by: subsequent processing. 
In connection with these investigations, the role and the properties 





of, the enzyme chlorophyllase will be examined. Fundamental studies 
will be. conducted on the chemistry and biochemistry of chlorophyll and 
its condition in the plant. Further industrial uses for chlorophyll 
or its derivabives will be sought. : : 

5. The carotinoid pigments of alfalfa will be isolated and 
characterized, and their commercial utilization will be studied. Econ 
omic methods for the separation of the icin piguents from chlorophyll 
will be examined. 

Fibrous matter: 
: 4. the aaiiulags, darkeoulinions, peetin, and Zignin constie 
tuents of alfaifa will be determined quantitatively; and methods for 
separating and utilizing these materials will be investigated. Re- 
search programs, fundamental and applied, on these products are present~ 
ed in detail in the sections on Cellulose, Pectin, and Agricultura’. Wastes, 
Part III. 
By-procucts 3 

7+ The oils, fats, waxes, sugars, coumarin, and other minor con- 
stituents will receive attention in regard to isolation, structure, and 
wenlsientinn to new or extended uses. These studies will be designed to 


establish a complete inventory of the chemical constituents of alfalfa. 
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Pilot-plant operations: 
8. Pilot-—plant studies will be performed on the production. 


of chlorophyll, the carotinoid pigments, and proteins from alfalfa. 
Results of industrial promise on déher constituents likewise will be 


subjected to larce scale operations. 
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eu 
a eee available for mimtactiting purpose, chiefly be 
cause moat of f the oldm milk is fod on the farm, sé 

Steps "Gs lng daca ingronsed Antunteial wiSdisation of wil 


“product must necessarily be vary dargely restricted to the ‘princlpal 





cotaa ke adn att and whey» and thio presente the problea 
ry reased uses ‘for the sain constituents of ‘these byw 
eta, casoin ari lactose, as will baring the greatest returns Cone 
: ure shack peter lp re Femmern aur doaoetie pron 
OL 08 oct 72 mEALon pounds in 1087. uuch of the domestically — 
produced casein is of poor qualitys ‘but more inportant than this hag 
boon the great lsc’ of unilormity of the donoatic product watch ne 
toubtedly has provenited a broader application for industrial purposes, 

















While casein ts “by fax our moot ‘Lnpartent comercial protein, its con 


don has been Largely restricted to a few outlet, about fivo~ 
sintha of thn totsl suyly being weed for paper eising and clus 1k 
wise, tho present uoas s tor lactase are uo few aa to require only a 
anal ee ‘of the ‘total anount available. The utilisation of 
poses does not | appear to offer much piv sicsi 
Mie following ia an ‘outline of proposed rosoarel for new and 
Sila? iateiel ines ter dairy ty-productes The development of de~ 
tatlod projects within those Stelde wilh take into consideration the 
surpins 6 attuation of dairy ‘byeproducts * “the background of information 
one ene a ‘and related 3 research = active in the Department and 








Lity such ag ‘butter, chease, oteey ‘for other than food pu 
























Vundawintal bodies on grbeneseed ef casein, including 
ructune, polymerisation, depo! yaorisation, » tyclyatay hydration, 
torparsture effets, otees preparation of ¢ components of casein and 
lamentel , atudtes of their cheaistrys and preparation of derivatives 
nd funtacontal studies on their chentetry. (see dtvcussion 

















Re Application of fundenantal lmowLedge obtained under 1 to 
mont im products now made from casein, such as adhesives, 
plastics, and fibers, am! to the invention of new processes and prod- 

utts involving cagein and its derivatives, 








Se Application of fundamental Imowledge of the chomlstry of 
leetose and of its derivatives, and of bastertology and ensynology, 
Sugars in Part IZ.) | 

4» Application of lmowledge obtained under § to the investi- 
gation of new processes and products involving lactose end ite 
derivatives. 





5. Fermentation studies on lactose and the application of 
cuweion see Permantation in Part IIt.) 
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otal ctiviies on the chemistry of wey proteins 
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flavin to devising <mdlustrial uses for this substances 


. Je. Iaprovensnt. in methods of concentrating + sition from 
Waeyy and application of of Imowledge.of the characterieties of ribo 
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: whole, nainly because af the time consuaing. nature of the current 
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Proteins represent the largest. source of organic nb trier 


a "compounds in the world. fhe animal ‘Kingdon, ‘seeds, and alfalfa are : 
: Particularly rich in proteins. ‘their occurrence in suet various ay 

2 tors as leather, horns, hoofs, crustacean shells (lobster), tortoise a 
| Sala alligator skin, wool, hair, silk, ete., suggests the possible | 


production of artifietal, superior substitutes for these products by | 


controlled synthetic processes. This consideration, as well as. their 


Ree eeh ee Perverts e8 the importance of their réle a nature, ae 


hae attracted he eitestion 6? industrial groups to. their potentialities. & 


To some extent, proteins ‘have already found industrial applica 2 
tion but. not to the degree that aight reasonably be expected. OF: the a 
commercial proteina, namely, ehketn from milk, soybean protein, a . 
from corm, and blood albumen, the first mentioned is ‘by: far of cot 
cline: in present consumption, abgut 7 73 million pounds Being consumed, 2 


in 1937, of which raya million pounds were produced. domestically fron Pe 


milk, The distribution of casein for various purposes is approxinately oe 


as follows 67 percent for paper sizes, 16 percent, for give, 3 ‘percent 
for cold water paints, 3 pereey for plastion, 1 and a eroent, for niscele 
laneous uses. 7 | . ee a Oe oe oy 

Tt is to be noted thatoniy 4 pereent of the total casein is Aa 
employed in the plastics industries for the production of erticteia 
horn and like materials. This particular developaent. has not kept 8 


pace with the trqnetdons expansion of the Blasties industries as. a 
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= Anformation will be ~ primary inportance in extending present and 
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nethods a wrigetianry gd proteins to plasties and the absorptive cape 
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acity of these products for water. eer rere Synmamer tas. information 


eS aati 


and si discovery of new , methods for polynerining proteins +o iapceved 
fibrous forms (ertisieial ool is produced comercially, although not 
in the United States) or P layer-Like § forns are required t to increase “the 


conswiption and, hence, production of proteins. 


sp ‘The broad objectives of a proposed progran therefore gnevia ar 
(1) me de ‘determination of on ‘sasaes asia oF Yerrtable gt ce 
Gallnee ‘tor industrial Pe ia (2) the application of the most 
ander phystoocherioel 1 nethods, ‘which have been strikingly successful 
in dealing with e engymes ce viruses, “to ‘the scientifically prosaical, 
pe Mr steak ve yours pelatively 2 neglected, proteins present in agri | 
cultural eomoditiens | @) ¢ the collection of precise data on cory ‘physical 


fs 7 4 ee 


propertics ‘ea the sont common proteins; and (4) of greatest importance, 


TAL 


the ‘investigation of the chemical properties and constitution of proteins. 
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ies | __FROPOSED RESEARGE PROGRAM 
“The foldowing » pining will be undertaken: 


br | evaluating and developing new uses of proteins. 
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i Effect of autrient and clinatie condi tions and varietal fond 


mite salt 
bees wheel 


genetic changes « on | Soe kina on anount of protein proiuesd in the Toots, 


stalke, leaves, and seeds of plants and in the hair, skin, and boty of 


aniatse and ile. Studies ‘of tate sort offer : a ‘Logical attack on ‘the 


Re < Pay hs 


problea dealing with ‘the Lista an danger pony Spetilte kinds of pro- 


tou. Work on this phase will be in cooperation with related production 


research of State experiment stations and the Department of Agriculture. 
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2. Preparation of either unaltered or modified proteins by new 
or refined chemical or physical methods from hydrated or from dehy~ 
drated materials by solvent extraction. Investigation of the possible 
change in state of proteins on isolation. Fractionation, purification, 
and particularly crystallization of proteins by new and modern physical 
or chemical methods. for preparation of homogeneous proteins will receive 


major attention, . 





3. Development of physical and chemical methods for identifying 
and characterizing the different plant and animal proteins or their 
constituents; investigation of new and evaluation of old systems for 
chan sification of proteins. 

4. Development of new or improved methods for quantitatively 
estimating proteins and the amino acids contained in proteins deternin- 
ation of the amounts. of the various amino acids in proteins occurring 
in agricultural commodities. 





_.-. 5S», Application of methods for detente sant of the molecular — 
size and shape of proteins; investigation of properties of monomolecular 
and polymolecular surface films as related to the configuration and 
function .of proteins and enzymes; securing exact data on the various 
physical properties of pure plant-and animal proteins, polypeptides, 
and amino acids. 











ye 








hae “é complete and step-rise acidic, basic, and ensynic hydrolysis 
of : protesna £ for preparation of amino acids ; and of polypeptides having 
various mean  eélaedlar wel antes separation of amino acide or ‘nddi fled 
amino aciés, and Pere aee by physical and chemical methods <- 
molecular distillation as a means of seperate ng modified amino acids 
is  partioularly attractives ondeavie of and Sarason investigation is 
on | amino acids and 1 polypeptides; fasten of proteins by new wathoas . 
ieations 

7. Development of methods for polymerizing proteins, polypep~ 
tides, or amino acids to fibrous or nonfibrous materials. 
Constitutions 

&. Modification of the surface of normal protein molecules, 
including enzymes and monomolecular films, by application of mild 
reactions; subsequent appropriate modification to determine the number 
and kind of active groups present on the periphery of the molecule; 
determination of the number and the arrangement of the amino acids in 
the molecule by degradative and synthetic means; employment of physico- 
chemical methods and modern concepts in the elucidation of the spatial 
configuration and structure of proteins and the nature of the primary 
and secondary valence bonds. 

a 

9. Effect of phywkeal and chemical agents on the primary and 
secondary valence forces in proteins and relation of dehydration to 
denaturation of proteins; determination of active groups on surface 


and configuration of denatured molecules; development of methods for 
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» Sw 
reverting denatured proteins. The relation between the natural and 
denatured proteins is. of fundamental importance from the nutritional 
point of view as well as in the development of new industrial. products, — 
as only denatured proteins are rapidly attacked by the proteolytic 





10. The fundamental investigation of proteins containing pros- 
thetic groups; to determine the nature of the prosthetic group and. 
type of binding with proteins, _. 
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TOBACCO 
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YO mne"oiprent world situation with respect to tobacco production 


has been vieiniaiets éonsidered a ‘Part II. ae qiaenseton considers 





adverse effects of these changes on tobacco growers in the United States. 
Dad ct iad tiled “aad “eitiahs Pot the Pire-cured ard dark air- 

cibéd types of tobacco have been especially acute in recent years owing 

to the current world trend toward the use of lighter, milder tobaccos 

dad teehae todard ael?-sufticiancy in the production of similar types 

of tebaceo in foreign countries, which have resulted in serious losses 

in both our foreign and domestic markets for these heavier types. 

- “Producers “of heavy {obaecos are not alone in their need for 
valuable new uses for tobacco. As a result of seasonal conditions, 
larce portions oF the tobacco crop are produced that are less desirable 
6 SHAY Bon Saeed “Lobiadeo purposes. ach year there is a low- 
Grade ‘portion of every crop that should be used if practicable for by- 
products’ Ynstead: of ie offered in competition in the BaseiAT leaf 
tobacco chaniela, ic 
_ Rapid expansion in many foreign countries in the spies of 
important Flue-cured tobeceo may also result in reduced exports of _ 
this ‘type. "eds possible that a need will arise similar to that now 
existing gf the ‘aark types ‘for, new and impor tant outlets other than 
for onoleng Sr chemise.” “The constant improvement being effected by 
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tobacco ay sts s “chenists, “and other scientific workers upon the 


admittedty’ superior nited ‘States Vhsasod™ ; is recognized as an im 
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portant oon ceed se — our share » of ibcun taxesign markets. Trade 
barrsere erected vy foreign « countries and the stimulation th nat is 3 be- 
ane given te an ever-increasing F oreien production < of siuilar types 
may eventually, offer definite ‘mitations to our ‘tobscee exports of 
al types, J 

Tt is digticnlt to to _Ancrease » the per r capita consumption « or Se 
bacco, yet there ped be ways to fores stall | the present shirt in con- 

i co toe of types > ‘thereby preventing the f urther decline or “even ex 
tinetion « of types like the cigar tapes, P with the © resulting damage to 
bres eae pig concerned. 

Tobacco, —* properly processed, becones a pelatively t non~ 
perishable preduee: if kept free of insects. Ie can be: keph in s storage 
for 5 or 4 years with no serious “deterioration in its chemical and 
physical yr rnantbgw this Le a fortunate UP vinmbem. jo oe: ’ both from the 
standpoint heat a and a mag UnsE® 2 since Af beeasee were a 
commodity requiring quick conversion ‘to ultimate products, , ‘the econo 
ics of the industry would wi far eifforent from what it is ahi By 
bli of its non-perishable nature a year-round factory provessing 
cca can = operated on & _ supply and demand basis. ee a 
: Another fortunate cireunstance connected with tobacco is ‘that 
the ¢ characteristic Rhee mene cigatine, 3 is highly tece te ineact 
life wid is used in eevere) forms WAs6n render it useful both as a con- 
tact impos Neaade and stomach poison. Te is cin | the insecticide field 


where the greatest hope apparently lies for increased ecnasienil Gr ‘of : 


tienda ‘sonnineckan. lo ah pers ‘aba a“ 10 3 years have developed 
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wider applications. “Formeriy nicotine was “used 1 only as a “contact 
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insecticide in the fora of a spray or - dust to ‘control « & Lind ted 
"group “Of s0ft-bodied sucking insects. “Developments ra the past 5 
“years “have “greatly increased ‘the efficiency of mlootiine a and en= a 
“lareed its use ie this field. “Daring the past 10 years other ex= - 
‘perinental work has develaped new Pina pag paphainelni wets are oe 
adapted for ‘the control of chewing ARREHG and von are more b acc 
ml free of the hhonan health hazards of ‘the metallic poisons. og . 
aa This 3 new use of nicotine in ‘the so-called "fined ‘nleotines 
“compounis opens a "proad field. Sue use in 1 the apple orchards 
“alone should of fter « an “outlet for a | considerable > quantity of low sie 
rade ‘tobacco. | ‘Tt ‘a. ga tery ‘tha pr ten new uses can be found ‘for 
“eontnon ‘tobaccos ‘which wit Si , yeh page to the hin: 
markets. A iM | : 
a ae setting \ ihe Pees program, 7) is ; contemplated that where. 
Peretins facilities are available ‘cooperative arrangenents with the 
‘existing @ agencies will cg ‘established, this will inelude coopera ae 
‘tive ‘arrengenents with the various departnental bureaus and divie . : 
sions, ‘state ‘experinent stations, ‘aod other State agencies : and, “ 7 
where ‘feasible, 5 “vith research Peas 4 of “induatel al extablish~ ia 
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‘PROPOSED RESEARCH PROGRAM 





‘ooking to the development of new rand extended uses “of ¢ tobacco, 


‘the ° Following » research progran will t he uniertakens } ! 


irews CL aot ne w 


Agronomic: 

ee ee Agronoaie and chemical investigations will be pursued in 
cooperation » with the prodetion research ‘of the Department ‘and (ed 
“Webte ‘exper'inent ntations » to develop high-nicotine tobaccos which 
wot: be suitable Tor “fadustyial sa escinr of nicotine and other 
produate. "Shas “wil. ‘inelude plant breeding studies ‘to develop high: 
nicotine strains and studies of ‘the influence thereon of various cul- 
tora and pts ‘eoatarne ee ing , 

2 Sioiten will be ‘andertaken in ‘cooperation — agencies 
engag ged in ‘production rdecatch, to determine the effect of Various 
cultural, varietal, environnental, » and processing factors for all 
types of tobacco on their qualities for human consumption and to es- 
tablish the relationship ‘or These | quatitis 43 chemical en oar 
Processing ‘studies: | 

ee ‘Attempts will be made, 9 “ cooperation with groups now en= 
pr | in similar work, “to improve the qantity of dome stic cigar ‘to- 
baccos by renoving Me eltenta, > by conserving ‘the natural aromatic 
ertactata, P and by ‘improving the ‘burning properties, “A larger consump 
‘tion’ of tatence night result from ‘the production of a cigarette larger 
‘than the present ‘standard small cigarette. The various economic and 
‘the ‘technical factors ‘involved in ‘uch a - change will shy gy considera- 
ey oe a tae Seles ts om ae 
Production of nicotine) i lg 

| 4: “Because of the wider use” of destin ‘crtch may develop with- 
in the next tew years ’ Atherton will t be given te exploring the present 


potential sources cs nineties Senfan’ now are 2 unexploited. Studies will 


‘be directed ‘Sowand co recovery of the nhestine from the vapors of 
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tobacco factory drying machines and on | the use ee oxidizing agents 
in improving ‘the: > efficiency ‘of present extraction methods: in recovery 


of nicotine, 
Eitehataa: td sea of ‘nicotine: ' 





yieotine is by far “the most important tytpredast of tobacco. 
or "solid states and it is | believed its use can be greatly ‘extended. 

ey Wo 2 is planned to ‘iuretas compatible fungicides for use 
with the fixed nicotines; goers engineering “aethods’ for ‘applying 
vaporized « or gaseous nicotine to truck and tree. crops3 more ‘efficient 
spreaders: and activators “éf nicotine and its. compouhds with the > pris 
nary purpose of reducing ‘thas A of application, 

a ‘Research will be made to evaluate ‘the ‘nicotine-coubining 
power ‘of silicate and sluminum minerals and to determine ‘the possi~ 
bility of protecting the aLcotine of nicotine bentonite by inclusion 
3 other organic ‘pases to obtain greater stability than that possess~ 
ed = the present straight nicotine “bentonite; to evaluate the effi- 
ciency of carbohydrates, ‘such ‘a5 nolasses and suger Lee as 
carriers ‘of nicotine for (resotictas ‘use; “and to ‘determine the effi 
ciency of hydrocarbon ‘tis of ‘the ‘kerosene type. as ‘nicotine ‘carriers. 

iat a: ‘Studies will be conducted to adapt ‘nicotine \berivont te and 
similar fixed nicotiné compounds to wider uses and to establish them 
in the field of codling moth control; to increase the number of water- 
soluble and oil-soluble nicotine compounds available to the entomol- 
ogists; and to examine the effect of soil environment upon nicotine 


compounds when applied in the soil as an insecticide. 





8. Fundamental information on nicotine will be obtained in 
order to develop new derivatives of possible industrial value, such 


as nicotinic acid of use in the medicinal field. 





Uses for tobacco constituents other than nicotine: 

: 9. About 30 different constituents of tobacco are know. 
Many of these are common and abundant in the vegetable kingdom but 
certain of them are specific and peculiar to tobacco. It is planned 
_to study practical methods of isolation and the economic possibili- 
ties for comercial exploitation of the following materials: © Alka~ 
loids other than nicotine which are known. to occur in. tobacco; .organ— 
ic acids, essential oils, chlorophyll, xanthophyll, and pectin; to~ 
bacco extract free of nicotine for possible use as an insecticide 
spreader and as.a blood coagulant for possible use in surgery; the 
use of cellulose.in the manufacture of cigarette wrappers. 

Tobacco powder: 

10. To perfect and extend the use of tobacco powder as a 


carrier of solid or liquid insecticides or fungicides. 





il. Constructive work will be done on the farm utilization 
of low-grade tobaccos. Desirable farm uses for such tobacces will 


be explored to facilitate removal fromthe regular leaf channels. 
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be Research procrans o concerning new and extended industrial uses 
for the . agricultural jc sesygeens anal selected for initial as es a at the 
Regional Research pPharpeories have beer rumen’ ts Part III. In 
addition, some sections of this part of the report have dealt with — 
constituents, | like starch or ding or with methods of treatment, 
dike ea Sak oF P with products ae be developed, Like notor fuels. 
Including these. 2, Programs for ae najor fablects a been outlined. 

aiaal These prcerans of researeh except perhaps the agronomic ae 
of of the week w21 b be grouped at the four Reg gional laboratories. Those 
dealing wath commodities will be placed. in the ‘Iaboratory most conven~ 
iently eituated with venare bt the area in whieh each esi Fy is 
produced. 

Ald og Pe8 of research prograns at a partloular seicatory wil) 
be ipterre lated. For Sample, the Northern laboratory will deal with 
wheat and corns with starch, a + ig bl constituent of wheat and com 
and with ry aces eit a najor method of processing wheat ane corn. 
The Boe kg Studies will be ier 2 too, because these deal with a 
major aroguet | which may .be Gere l aged froa starchy cereal A gg at At 
the Northern laboratory piso, ger oe, be carried out on the najor 
Secicultural residues, such as stra, stalls, cobs, and other inevita- 
ble by-products of agriculture ~ materials that are now residues other 
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In like, manner, work.on cellulose will be conducted at the 
Southern Jaboratery and will be closely associated with the cotton 
investigations. Studies om vegetable oils will also be located at 
the Southern Laboratory because of their association with cottonseed 
and with peanuts, two of the major commodities that are principal — 
sources of vegetable oils. . ata . 

The senior members of the scientific staffs who will organize 
and carry out these research programs are now being selected. As soon 
as they: are appointed wuder Givil Service these stafi members will 
undertake the. detailed, atudy .of.0i1.avableble information and the, 
formulation of exact and specific projects for laboratory and engineer- 
ing attack. It would be neither feasible nor useful at this time to 
go further into detail. It is worth while, however, to recognize and 
set forth here a few broad governing principles. 





ooIt has. already been. emphasized in this report that the work of 
the four Regional Laboratorics is not as comprehensive as was the __ 
survey of present.and recommended research reported in Part ui. ate 
1 emphasized again here that the economic yardstick will be applied 
to every preposal for a research undertaking, so that the most useful 
work.and. the most. promising.investigations may be undertaken first. 

» However, it, should also, be recalled that some investigations 
will of necessity. be merely of exploratory or of fundamental relation- 
ship to the laboratory program. Only the Covernnent is in a position 
te do: scenet this, work.which is imperative in. the effective development 
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of new uses PL aeietire sb veda In this Se. a 
it Ae nost Appr vant | bad resceas that no present research plan can 
be final. el pe useful, oe a : progran mst ne dynanic, changing , 
with heat - new need or advance. tt must seek the investigator on Z 
a sound course, but not drag hin back nor ‘waduly restrict hin to old 


or less ee. fields when new and nore ferviin Rihana are | sown. 





Tt hap pene said | that b Andustay ‘succeeds in 7 ee eiaihe 
often, ae. it invests patient my” in a research laboratories. 
This means simply that even when industry selects projects of nost 
ianediate value, it cannot expect renuits in a short time. This is 
even. Pere, true of Povergmant research, ‘because the covernnent should 
reach further out into yee unknown than can most of the industrial 
laboratories of the country in order to increase the number of " projects 

| of more immediate value for development. — Furthermore, it is atten 
necessary. for She Govexanen’ to wmeortaxe "ypes of Investigation ond 
which Anaya try either hae. no inmediate application 0 or which it seine’ 
afford, Soneradyy, therefore, Government research : must wait longer 
for useful industrial applications than, does that of industry. 

sian _ the work of the Regional Laboratories will be organized to take 
fullest poagipie advantage of advisory come, Shane of expert scientific 
men from all Federal, State, and educational institutions. The Depart— 
ment will hepe for abd will welcome the fullest possible cooperation 
from industry. This cooperation wiil, it is expected, make for speed. 
It will alse make the results of the som labeenbortion of grantest value 
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to the. "practical" research worker. Tt may even result in preliminary 
findings of the Government.laboratories being taken over by those pre- 
pared to. use then.in accordance with the public welfare, in order that 
they may be promptly put into practice. The Department will encourage 
as: the sucess of the new laboratories will be tested principally 
by the usefulness of their work to industry and agriculture. 





».o.° dn setting up an initial program for these laboratories, the 
principle of "first Anings first" has naturally been followed. An 
acute surp. 
Congress is to bring this new attack to.bear on this problem as | 
speedily as possible. the program as now, aeb. up das dmbended. te. do 
exactly that. Nevertheless, one familiar with economic history must. 





us Situation exists in certain crops, and the intent of 


be aware that with the passing of years such situations change greatly. 

It is conceivable that some years from now our international trade 

position or our agricultural output maybe wholly altered, or the re- 

quirenents of American industry and consumers may change. In other 

words, this agricultural surplus problem is not. static, and plans .. 

should. not be made on the supposition that it will remain fixed and 
One inevitable result, of the proposed program is that basic 

chemical research will lead into fields where economic factors will 

be decisive - where such questions as competition between products, 

the effect of changes in farm practice ina given region, the relation 
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of tariffs to new forms and uses of a product, the effect of an al- 
z eo - } et Me 
line of résearch on national defénse, and 1iké questions, mst be 





ational trade situation, the bearing of this or'that 


met aiid andiered: “This “rédidités ‘the development ‘of “economic: research 
complementary to thé chemical studies. “°° © 

\ “Por thelongorange view, thes® labératories will require a” 
flexible programy and the initial program of this report isnot in- ” 
tended t6 preclude chatiges in scdpe or emphasis in the future. The’ 
thiited Statesis a young and dynamic nation. It is unlikely that the 
few decades ‘hence: It is wmlikely, moreover, that the research and 


‘pattern of onr economie life will be exactly the same“a ~~ 





educational patterns which fit our presentiday needs will exactly 
satisfy them in the future. - Experience leads us to believe quite the 
opposite will be true. : | . 
“one certain” and ‘pertianent value of ‘these lateratorics will 
pest on the fact of their actual physical existence. Such institu. 
tions, with their extensive equipment; libraries, and trained technical 
staffs, cannot be brought into being ovemight. Once actually estab- 
ft shea they can be ‘reckoned as productive ‘national assets, if only for 
thé’ reason that they will bring into ‘Stimilating conjunction a group 
of inguiring; “creative minds and the asserblage of unusual facilities 
which not only are the necessary tools of Ciseovery in peacetines, 
bit: ‘are doubly valuable in times of. national éndneney’ 
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ee Ste At eye eet sais fat 6 ve eu ae , 5 : 

ery “But, it is believed ‘that the most , inportant, potent al values of 
the ontororise are, in the nature of things a not predictable. ‘Int a 
broad sense, all rescarch work is ‘fouted upon the ‘faith that, in ee 
tang run, | iceurelleces ie a better guide to human action than ignorance}; 
and it should not be thought that the areas of our ignorance are now 
small and unimportant. On the contrary, every extension of the area 
of the known widens its periphery of contact with the unknown. During 
the course of this Survey, outstanding investigators in every jine of 
work have repeatedly exereuted this feeling of profound ignorance and 
the conviction that withios the area of the ‘unknown there are undreamed- 
of potentialities. The new laboratories are being founded with what 
is thought to be a soundly conceived program of work: addressed primarily 
to the present-day surplus problem. Beyond that, as all directors of 
Long-time: enterprises know, the important thing is to shape all activi- 
ties so that they ey oa quickly responsive to those needs and oppor~. 
tunities which the future will surely bring forth. 

It seems proper to add a word as to the human equation. The 
outcome of scientific work is, after all, gauged closely to the caliber 
of the man who does it. The men charged with the responsibility of 
establishing these institutions are well trained in their fields, and 
they are undertaking the work with enthusiasm. While discouraging any 
stsedintioee of quick and spectacular results, they are confident, 
nevertheless i that these contemplated Lines of research will yield, 


finally, great benefits to agriculture and to the whole community. 





= FT me 
Judging from all past experience, our feeling is that these labora 
tories, well-equipped and with a competent and enthusiastic staff, 
ean be expected te return to the country fully satisfactory divicends 


of service upon its investment. 
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Seagram, Jos. E., and Sons, 
incorporated, 
Louisville, Ky. 


Sealright Company, 
Fulton, N. Y. 


Sealtest, Incorporated, 
Babbimerty: id. 


sears, Rosbmek and Company, 
Ghieago, Tl. 


Seattle Dairymen's Association, 
seattle; Hanhs 


Seton Leather Company, 
Newark, N. d. 


Sewell, S..Brown and Company, 
Los Gatos, Calif. 


Shark Industries, 
Hollywood, Fla. 
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"Shaw Fanily*, 
San 40205 calif. 


Shearer Fruit and Poultry Farms, 
Vinemont, Pa 


Sheffield By-Predue ts Company, 
Hobart, : ‘E. ; Y; 


San Francisco, Calif. 


Shell Development Company, 
Baeryville, Calif. 


Sherwin-Williams Company, 
Berkeley, Calif., 
Chicago, ill. 

Cleveland, Ohio. 


Shilstone Testing Laboratories, 
New Orleans, La. 


Shumaker, ©. Company, 


Siebel, Bs A-, 
Chicago, Ti. 


Siebel, J. Ee, Sons and Company, 
Chicago, ill. 


Sirrine, d. E. and Company, 
Greenville, 5. ©. 


Skinner and Sherman, 
Incorporated, 
Boston, Hass. 


Sloane-Blabon Corporation, 
frenton, N. d. 


S. Me Ae Corporation, 
Gleveland, Ohio. 


Smith, Alexander and Sons — 


Carpet Company, 
Yonkers, N. Y. 





Smith, kaery and Company, 
San Francisco, Calif. 


Smith—Emery Company, 


Los Angeles, Calif. 


Sayre Manufacturing Company, 
Ranlo, N. Ge 


Society of American 
Bacteriologists, 
San Franciseo, Calif. 


Society of American Foresters, 

Washington, D. °C. 

Sonth Garolina Agricultural 
Experiment Station, 


South Carolina, University of 
Columbia, 5. ©. 


Seuth Coast Corporation, 


New Orleans, Louisiana. 


South Dakota State Collece of 
Agriculture and Mechanic Arts 
and Agricultural Experiment 
Station, 


Brookings, S. D. 


Southern Eleachery and Piedmont 
Print Works, 
Taylors, 5. C. 


Southern Chemical Cotton Company, 


Chattanooga, Tem. 


Southern Combed Yarn Spinners 
Association, 
Gastonia, lv. 0. 


Southern Cotton Oil Company, 
Gretna, La. , 
Savannah, Ga. 


Southern Methodist University, 
Dallas, " Texas. 
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Southern Oregon Sales 
Incorporated, 
Medford, Oreg. 


Southern Pacifie Company, 
San Francisco, Calif. 


Southport Mills, Limited 
_ Incorporated, 
New Orleans, La. 


South Port Paint Company, 
Savannah, Ga. 


South Texas Cotton Oil Company, 
Houston, Texas. 


Southwestern University, 
Memphis, Tenn. 


Soybean Processors Association, 
Chicago, Dl. 


Spencer Kellogg and Sons, 
ineorporated, 

Buffalo, N. Y. 

Los Angeles, Calif. 


Sperry Flour Company, 
San Francisco, Calif. 


Sperry Mills, 
Spokane, Wash. 


Springs Mills, 
Chester, 5. C. 


Squibb, E. R., and Sons, 
Brooklyn, N. f. 

New Brunswick, 8. d. 

Staley, 4. E., Manufacturing 


Company, 
Decatur, Ill. 


a Fini Sak maa Company, 
Chattanooga, Tenn. 
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Standard Milling Company, 
Chicaso, Illinois. 


Standard O11 Company of Indiana, 


Chicago, Ill. 


Stanley Chemical Company, 
East Serlin; Conn. 


Staple Cotton Cooperative 
Association, 
Greenwood, Miss. 


Stauffer Chemical Company, 
San Francisco, Calif. 


Stearns, Frederick and 


Company, 
Detroit, Mich. 


Steen, John A., Varnish 


Stein—Hall Company, Inc., 
Charlotte, 4. C. 


Stephl Laboratories, 
Milwaukee, Wis. 


Sterling Fibre Company, 
Waltham, Mass. 


Sterling Michigan Corporation, 
Chelsea, Lich. 


Stevens, J. P. and Company, 
Ineorporated, 
New York, N. Y. 


Stevens, %. T. and Sons 


Company, 
North Andover, Mass. 


Stone, #. R. Company, 
Yakima, Wash. 


Strathmore Paper Company, 
Ue Springfield, Mass. 
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Strong Cobb Company 
incorporated, 
Cleveland, Chio. 


Suchar Process Corporation, 


Sucre Blanc, 


New York, N. ¥. 


Suffolk Gil Hillis, 
Incorporated 
Suff olk Ss Vas 


Sun—Naid Raisin Growers 
Association, 
Fresno, Calif. 


Surpass Leather Company, 
Philadelphia, Pa. 


Sutherland, Ub. Manson, Jr., 
Trenton, W. J. 


Suwannee Mess Company, 
Live Oak, Fla. 


Swann and Cosipany, 
Birmingham, Ala. 


Sweet Potato Growers 
Association, 
Sunset, La. 


swift and Company, 
Chicago, iil. 

North Portland, Oreg. 
San Fraicisco, Calif. 


Sylvania Industrial 
Corporation, 
Fredericksburg, Va. 


T 
fakemine Laboratory, 
Incorporated, 
Clifton, N. Jd. 


Tanners Council of America, 
New York, N. Y. 
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lew York, Me Ya 


Tannin Corporation, 
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Taylor Seed la tg 
Quiney, 3 Fla. 


Seas Sxtract Company, 
Andrews, Ne Ce 
aihaisien TONnte 


Nenndinee Be tod, 


Corporation, | 
Kingsport, Tenn. 


Tennessee Products — 
.». Corporation, 
Wrigley, Tenn. 


Tennessee, University of and 
idetheehteep), Experiment 
Knoxville, Tenn. 


Texas. Agriculture] and 
Wechanieal College and 
Agricultural Experiment 

> Stationg ~—.. 

College Station, Texas. 


Texas Christian University, 
eel 


HEE long 
Dalles, Texes 


Austin, Texas 


‘Texas Technological Collece, 
Texas, University of 
Austin, Texase .. 


- 


Textile Testing and Research 
Laboratories, — 
New York, Be Yo 


The Dalles Cooperative 
soreveres 


Thomas end Hochwalt 
Laboratories, 
Dayton, Onio. : 


Thempson and rere Companys 
Incorporated, — 
Boston, Mass. ° ‘ 


Thornton-Walker. Crepes, 
Tampa, Fle. ss 


Thresher Varnish conan 
Dayton» Chio 


Tobacco eenener ana and 
Chemical Corporation, 
Richmond ’ “Tas 


Toch Brothers, Peas oniead?: 
Port Richmond, | States Asiland, 
New York, 


Traders Compress. Company, 
Fert Worth, Texas. 


ee Laboratories, ) 


We on be 


waxabsite, Texas. . 


Tropical ‘Peint and oil Company » 
Cleveland, Ohio. 


Trostel, | Albert: and gig 


Company 
Wilwaukee, Wise _ 


trubek Laboratories 
Bent ; SPRARED be, Ne de 








Trubenising Froesss Corporation, | 
Yew vre bi Ue 
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United States Leather Company, 
Ridgeway + Pae 


United States Malt Association, 
Chicago, Ill. 


United States Playing Card 
Company, 
Norwood, Ohio. 


United States Rubber Company, 
Passaic, Ne J. 


United States Rubber Preducts 
pal gat: 

Hogansville, Ga. 

Winnsboro, HN. C. 


United States Sugar Corporation, 
Glewiston, Fla. 


United States Testing Company, 
incorporated, 
Hoboken, N. J. 


’ United States Tobacco Company, 


Nashville, Tenn. 
University of Chicago, 
Chicago, Dl. 

University of Cincinnati, 
Cincinnati, Ohio. 


University of Dayton, 
Dayton, Ohic. 


University of Louisville, 
Louisville, Ky. 


University of Pittsburgh, 
Pittsburgh, Pa. 


University of Santa Clara, 
Santa Clara, Calif. 


University of Southern 
California, 
Los Angeles, “calif. 
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Upjchn Company, 
Kalamazoo, Mich. 


Upson Company, 
Lockport, N. Y. 


Utah Department of Agriculture, 
Salt Lake City, Utah. 


Utah Farms bureau, 
Salt Lake City, Uteh. 


Utah-Icahe Sugar Corporation, 
Salt Lake City, Uteh. 


Utah Poultry Producers 
Gooperative Association, 
Salt Lake City, Utah. 


Utah State Agricultural 
Colleze and Acriculteral 
Experiment Station, 

Logan, Utah. 


Utah, University of 
Salt Lake City, Utah. 


Utah Wool Marketing Association, 
Salt Lake City, Utah. 
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Valentine and Company, 
Brooklyn, Kh. {. 


Valentine's Meat Juice Company, 
Richmond, Va. 


Valentine Sugars, 
Lockport, La. 


Van Camp, lacorporated, 
Indianapolis, Ind. 

Yan Clee Brothers 
Chicago, Ill. 


Vanderbilt, RK. T. Company, 
E. Norwalk, Comme 
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Yandorbiit University, 


Heshvilie,s Tentles) Somoany, 
felt lake Clty, Uta. 
Yan Sehanck Brothers Cheetonl 
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Cineimnatt, Onde 
Yeinbers, Bax 

Vulieari. Deeno diebdon, 

Pertanouth, Ohio. 
Celiingten-Deara Caupaay, 
New Yor ™, *. 7. 
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Crammoniawa Kei Ieds 


teahletendus Insts rove, 
Chi clageg BAby ics. 

Wenatehes, Bash. 

Wahl Institute, gydag 
Cileepeg Gilg iiey Tear cic 

hssoclation, 
Wellnen*: Heer ark Sore, 
Peoria, Ill. 

Western Chemical Congress, 
Wal eee When iaheep ete, 
Yew York, ie Yo 

Sestern Comienesing Company, 
Viegas Hetkding’, Gonypedig’ ’ 

Hew York, Hy Yo 
Vestern Greseers Protuctive 


ardway: Pada works, 
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Styckomee! ie, Calis. 

OEPCRy Ge see rai ty, 
Cumberiena: /ildt,. Melne. 
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Wasatch Chemical Company, 
Salt Lake City, Utah. 


Washburn and Wilson Seed 


Company, 
Moscow, Idaho. 


Washington and Lee 
University, 


Lexington, Va. 


Washington Canners 
Cooperative, 
Vancouver, Wash. 


Washington Cooperative Ere 
and Poultry Association, 
Seattle, Wash. 


Hashington Cooperative 
Poultry Association, 
Seattle, Wash. 


Washinston Creamery 
Operators, 
seattle, Wash. 


Washington Packers 
incorporated, 
Sumner, Wash. 


Washington State College 
and Agricultural 
Experiment Station, 

Pullman, Wash, 


Washington State Planning 
Spokane, Wash. 


Washington University, 
Ste Louis, Mo. 


Washington, University of 
Seattle, Wash. 
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Watervliet Paper Company, 
Watervliet, Mich. 


Watkins, d. R., Company, 
Memphis, Tenn. 
Newark, HN. d. 
kinona, Minn. 


Weber Laboratories, M., 
Newark, U. d. 

Weinberg, Max 

St. Louis, Ho. 
Wellington-Sears Company, 
New York, 8. Y. 


Wellman, Harry H. 
Berkeley, Calif. 


Wenatchee Industrial 
Laboratories, 
Wenatchee, Wash. 


Wenatchee Valley Traffic 
Association, 


Wenatchee, Wash. 


Western Chemical Congress, 
San Francisco, Calif. 


Western Condensing Company, 
San Francisco, Calif. 


Western Growers Productive 
Association, 
Los Angeles, Calif. 


Western Paint and Varnish 
Company , 
New Duluth, Winn. 


Western Precipitation 
Corporation, 
Los Angeles, Calif. 


Western Reserve University, 
Cleveland, Ghio. 
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Western Sugar Refinery, 

fan Francisco, Califs 
Roomecket Navan Comipary, 

vote Mekory Tetnting Companys 

West Mekorys Pee 


aden tavorntery ect Id ora 


host Fotnt ienufeturine 
Company» 
: Sy Mages Comany. 
Watervilia, Pai at. 


West virgseah Pulp and Paper 
Comper, 9) be cack een ot 





lg SRY : 
ay oubres. 
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West Virginie State Horticule 
poco id of and 










and in ata Experiment 
Station, 4 
Morgantown, Ys Ve. 
RL Sha PIs. . 
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Longview, ashe 
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JMEwe Eel Lahene tox 
etuekerman-and Company, 
Stockton, Calif. 

Yak eee (29 Lee 
Wak te Corie tBdere Federation, 
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Tiienadeor, laws. 
Wichita Tnivereity, 
Wichita, KenGe 
Beppe) Deer nsor rd ties. Company, 
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Sait Lake city, Utah. 


sellers, es v Sou, 





St, ah es 
Wilder, Ba. 
Lexington, ye 


Willamette Cherry Growers 
Association, 


rtd 


Williamson, B. fF, and Company, 
Gainesville, Fla. 


Wilmington Testing and 
Research Laboratory, 
Wibaington, vel. 


"8 ison “ Rennett Manufacturing 


Chicage, Ill. 


Wilsor, John Arthur 
Buford, . ts 


wilson Milk Cecpany, 
Indienapolis, Ind. 


Wilson, Re Be - 
San Prancigeo, Calif. 


Wine Institute, 
fen Frencieco, Calif. 


Winthrop Chemical Compary, 
Incorporated, 
Rensseleer, Ns Ye 


Wevonsin State Board of 
Health, 
Madison, Wigs 


Wiseorsin, University of and 
Agricultural Experiment 
Station, 

Madison, Wite 


Hoburn Degreasing Company, 


of New Jersey, 
Harrisom, Me de 


Woodlaw: Finishing Corperationy, 
Pawtucket, ly Ie 


Wood Products Institute, 
Washington, De C, 


Weode Laboratories, 
Tacoma, Vaghs 
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Woonsocket Rayon Company, 
woonsocket, R. I. 


Worden Laboratory and Library, 
Millourn, N. d. 


Wyandotte Worsted Company, 
Waterville, Maine. 


Wyoming State Department of 
Agriculture 

Cheyenne, Wyoming. 

Wyoming, University of and 
Agricultural Experiment 
Station, 

Laramie, Wyoming. 
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Yakima Fruit Growers Association, 
Yakima, Wash. 


Yakima Industrial Laboratory, 
Yakima, Wash. 


Yakima Valley Traffic and Credit 
_ Association, 
Yakima, Wash. 


Yale University, 
New Haven, Conn. 
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Zapon Laboratory-Atlas Company, 
Stamford, Conn. 


Zellers, G. F., Sons, 
Buffalo, N. Y. 
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